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ABSTRACT

Author: Knowles, John Geoffrey Ph.D.
Institution: Purdue University
Degree Received: May 2017
Title: Impact of Professional Development in Integrated STEM Education on Teacher
Self-efficacy, Outcome Expectancy, and STEM Career Awareness
Major Professor: Dr. Todd Kelley
This research analyzed the effects of teacher professional development and lesson
implementation in integrated Science, Technology, Engineering, and Math (STEM) on:
1.) Teacher self-efficacy and their confidence to teach specific STEM subjects; 2.)
Teaching outcome expectancy beliefs concerning the impact of actions by teachers on
student learning; and 3.) Teacher awareness of STEM careers. High school science and
technology education teachers participating in the Teachers and Researchers Advancing
Integrated Lessons in STEM (TRAILS) project experimental group attended a ten-day
summer professional development institute designed to educate teachers in using an
integrated STEM education model to implement integrated STEM lessons. The research
design utilized a quasi-experimental nonequivalent comparison group design that
incorporated an experimental group and an untreated comparison group with both pretest,
posttest, and delayed posttest assessments on non-randomized participants. Teacher selfefficacy has been identified as a key factor in effective teaching and student learning, and
teacher awareness of STEM careers impacts students as they consider career choices.
The T-STEM Survey for teachers was given for the pretest and posttest assessments to
measure attitudes and beliefs toward the specific constructs of this study. Significant
effects of the TRAILS professional development were found in the teacher group
(experimental or comparison) and teacher subject (technology or science) in pretest and
posttest scores using cumulative link models for the constructs of teacher self-efficacy
and beliefs to teach STEM subjects, teacher outcome expectancy beliefs, and teacher
awareness of STEM careers. Effect sizes ranged from small to large varying by construct
and assessment time. Highly significant p-values and effect sizes revealed impacts on
science teachers were greater when teacher subject groups were analyzed separately.
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CHAPTER 1. INTRODUCTION

1.1 Introduction
This research studied the effects of teacher professional development and lesson
implementation in integrated STEM education focusing on the constructs of: 1.) Teacher
self-efficacy and their confidence to teach specific STEM subjects (Bandura, 1977); 2.)
Teaching outcome expectancy beliefs (Bandura, 1977; Pajares, 1996) concerning the
impact of actions by teachers on student learning; and 3.) Teacher awareness of STEM
careers. High school science and engineering and technology education teachers
participating in the Teachers and Researchers Advancing Integrated Lessons in STEM
(TRAILS) project attended a ten-day summer professional development workshop
designed to educate teachers in using an integrated STEM education model developed for
the TRAILS project to implement integrated STEM lessons as a team in their respective
high schools. The rationale, in part, for this subject focus includes the national emphasis
on science heavily incorporating engineering design throughout the “Next Generations
Science Standards” (NGSS Lead States, 2013).
Another study in recent years on STEM teacher professional development and
research showed significant gains in teacher “perceived efficacy, comfort, contentment,
and knowledge” resulting in the capacity of teachers to teach STEM content (Nadelson,
Seifert, Moll, & Coats, 2012, p. 81). The current study complements and furthers this
work by considering additional constructs and measurement during the school year after
lesson implementation. This research is also part of the larger TRAILS NSF ITEST
(award #DRL-1513248) grant project, which includes follow up research with teachers
and students concerning attitudes and learning. Multiple instruments have been used and
modified in studies on teachers and students toward STEM attitudes, beliefs, interests,
and self-efficacy in teaching and learning. Teacher self-efficacy and confidence in
teaching ability, as well as beliefs about teacher impact on student learning has proven to
be important in student learning (Nadelson, et al., 2012; Yoon, Evans, & Strobel, 2012).
As a result, teacher training and professional development that furthers not only an
educator’s knowledge, but confidence in teaching that content in their particular subject
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area as well, can have a significant impact on student confidence to learn and academic
achievement. Teachers can also have notable influence on student interest in and
understanding of STEM careers (Brophy, Klein, Portsmore, & Roger, 2008).
1.2 Scope
The main goals of this study are to determine if: 1.) STEM teacher self-efficacy
concerning teaching a specific STEM subject; 2.) teaching outcome expectancy beliefs;
and 3.) awareness of STEM careers; increases significantly due to participation in the
TRAILS summer professional development workshop and subsequent implementation of
integrated STEM curriculum during the academic year. Educators and researchers
emphasize an integrated STEM education approach to promote academic and
occupational proficiency (Prevost, Nathan, Stein, Tran, & Phelps, 2009), as well as
greater interest and motivation to pursue STEM disciplines and careers (Nathan &
Pearson, 2014). Several factors may influence a student’s persistence and retention in a
STEM discipline, some of which are related to self-efficacy of the teacher and student
(Painter & Bates, 2012). Pretest and posttest assessment instruments, such as the Teacher
Efficacy and Attitudes toward STEM (T-STEM) Survey (Friday Institute for Educational
Innovation, T-STEM, 2012a) were used to measure attitudinal variations in teacher selfefficacy and confidence, outcome expectancy beliefs, and awareness of STEM careers.
1.3 Significance
Major worldwide environmental and social difficulties threaten ecological
sustainability and international economic prosperity. Worldwide problems including
“climate change, overpopulation, resource management, agricultural production, health,
biodiversity, and declining energy and water sources” require a collaborative strategy
sustained by additional research and progress in science and technology fields to
effectively find solutions (Thomas & Watters, 2015, p. 42). In western countries such as
the United States, and more affluent Asian nations, motivation and interest in STEM
scholarship and careers has lost momentum (Thomas & Watters, 2015).
Although the significance of STEM education in the United States has been
contemplated since the mid-1990s, few knew what STEM education was over a decade
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later. Sanders (2009) pointed out that this lack of awareness for STEM education
changed when Americans realized that China and India could soon supersede the United
States economically, by heavily investing in STEM education and careers. Funding for
research and education in STEM fields then increased greatly (Sanders, 2009). However,
much uncertainty still obscures what STEM education is precisely and how STEM
education might be effectively employed. STEM education often refers to a disconnected
and separate group of school subjects. This disjointed approach of subjects taught in
individual silos is no longer helping America remain globally competitive (Sanders,
2009).
According to the report Rising Above the Gathering Storm, Revisited: Rapidly
Approaching Category 5 (National Academies, 2010), even though America’s population
continues to grow, the number of graduates with four-year degrees in math, engineering
and the hard sciences from American universities has changed little over the last several
years. Numerous firms are moving the work of scientists and engineers to other countries
due to a domestic shortage of talent, while many of America’s high school graduates are
unprepared for the academic rigor of postsecondary education in at least one core subject
area (National Academies, 2010).
Many international problems require a collaborative approach by individuals
skilled in STEM fields to find and implement effective solutions, yet students’ motivation
toward STEM learning has waned in many nations (Thomas & Watters, 2015). In
numerous countries, the necessity for quality STEM education continues to rise as
appeals for skills in STEM fields becomes more acute in addressing economic challenges
(English, 2016; Marginson, Tytler, Freeman, & Roberts, 2013; NAE & NRC, 2014).
Education systems and political leaders internationally are concerned with real or
perceived growth in demand for STEM competencies and skills both now and in the
future. However, issues surrounding how to advance STEM education are varied, and
focus on increased integration of subjects creates necessity and motivation for further
research (English, 2016; Marginson, et al., 2013).
Educational groups and government agencies in the United States such as the
President’s Council of Advisors on Science and Technology (PCAST), are advocating for
more quality integrated STEM curricula and research (PCAST, 2010). Wang, Moore,
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Roehrig, and Park (2011) stated that America must raise achievement of students in
STEM subjects to remain globally competitive. Creating a more effective STEM
education will assist the United States in repelling threats to security and improving the
quality of living standards for all Americans, as well as people globally (Katehi, Pearson,
& Feder, 2009).
Educators and researchers are improving curricula in K–12 Engineering and
Technology Education (ETE) to create a more effective integrated STEM education
program and increase the flow of students into STEM careers (Prevost, et al., 2009). Yet
STEM education often remains limited to science and math, being mostly taught
disconnected from one another with little emphasis given to engineering or technology
(Hoachlander & Yanofsky, 2011). Secondary teachers struggle to locate authentic
contexts for teaching integrated STEM, lack pedagogical context and content knowledge,
and lack awareness of current STEM workforce practices (National Academies, 2014).
This study seeks to research how the TRAILS model of integrated STEM
instruction and teacher professional development (Kelley & Knowles, 2016), affects
teacher self-efficacy, teaching outcome expectancy beliefs, and awareness of STEM
careers among teachers, which can enhance student learning of STEM content and
interest in STEM disciplines. The TRAILS integrated STEM education framework
emphasizes scientific inquiry, engineering design, technological literacy, mathematical
thinking, and situated learning as an integrated system. STEM content and practices are
connected and bound by a community of practice, bringing together novices and experts
to work collaboratively (Kelley & Knowles, 2016). The TRAILS model of integrated
STEM education incorporates pedagogical and learning approaches rather than focusing
on a single approach to advance the learning of multiple types of students in meaningful
contexts.
In research by Nadelson, et al. (2012), the authors noted the importance of teacher
self-efficacy in their research on an integrated STEM summer institute and measured
significant gains in teacher “perceived efficacy, comfort, contentment, and knowledge”
(p. 81) resulting in the increased capacity of instructors to teach STEM content. Teacher
self-efficacy and assurance in teaching a STEM subject, as well as their beliefs about the
impact of their actions on student learning outcomes, play a key role in student academic
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achievement (Nadelson, et al., 2012; Yoon, Evans, & Strobel, 2012). Teachers can have
a significant impact on student interest in STEM careers (Brophy, et al., 2008), making
teacher awareness and understanding of STEM careers all the more important. The
TRAILS project seeks to increase teacher self-efficacy for instruction in STEM domains
through participating in the summer professional development and follow-up support
during the school year to provide a robust foundation for effective instruction
(Stohlmann, et al., 2012). This research extends and parallels the work of Nadelson, et
al. (2012) by taking pre, post, and delayed posttest measures of teacher self-efficacy.
Furthermore, a delayed posttest after integrated STEM lesson implementation was
employed to determine the lasting effects of TRAILS professional development and
lesson implementation. The TRAILS project is gathering additional data by measuring
student self-efficacy to learn STEM subjects and STEM content knowledge, which is
outside the scope of this research.
1.4 Research Questions
Some of the main objectives of the TRAILS project are to increase high school
student learning of STEM content, increase student self-efficacy to learn in STEM
domains, and grow in student awareness of STEM careers. These student outcomes are
expected to be influenced by teacher self-efficacy for instruction in STEM subjects,
teacher outcome expectancy beliefs about student learning, and teacher awareness of
STEM careers, as a result of the teacher professional development institute and
implementation of integrated STEM lessons. This research focuses on teachers
participating in the TRAILS professional development which will directly impact student
learning.
The main research questions for this study include:
1. Does teacher self-efficacy and confidence to teach a STEM subject increase with
participation in the TRAILS professional development and after implementation
of integrated STEM lessons?
2. Does the degree of beliefs about teaching outcome expectancy (impact of teacher
actions on student learning) increase with participation in the TRAILS
professional development and after implementation of integrated STEM lessons?
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3. Does the teacher awareness about STEM careers and resources increase with
participation in the TRAILS professional development and after implementation
of integrated STEM lessons?
1.5 Assumptions
The assumptions for this project include:
1. Survey respondents will honestly answer survey questions, providing accurate
answers.
2. The sample of teachers surveyed in the treatment group will include all STEM
teachers participating in the TRAILS summer professional development
workshop.
3. The respondents will provide a large enough sample (approximately 10 teachers
in a comparison group and up to 14 in the treatment group in the first of three
cohorts) to statistically determine significant differences in these constructs for
STEM teachers.
4. The teachers participating in the treatment and comparison groups will be similar
since they are drawn from interested teachers applying to the TRAILS project.
1.6 Limitations
The limitations of this project include:
1. The teachers surveyed will only include those who applied and were selected to
participate in the TRAILS summer professional development workshop from a
mostly rural region of a Midwestern state.
2. The participants are not a simple random sample, though selected from a pool of
applicants.
3. The sample surveyed will primarily consist of rural science and technology high
school teachers as paired in the TRAILS grant to implement lessons emphasizing
science and engineering content using 3D printing technology.
4. The sample of teachers in the TRAILS project is relatively small due to funding
limitations of the TRAILS grant.
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1.7 Delimitations
The delimitations of this project include:
1. The sample of teachers will not include those outside of a Midwestern area.
2. Teachers who do not take part in the entire two-week professional development
workshop may not be included in the sample group.
3. High school teachers who do not specifically teach science or technology, are not
included in this study because of the TRAILS project focus.
1.8 Definitions of Key Terms
Several terms are used throughout this document that might be interpreted with a
variety of meanings and nuances. The following definitions are provided to guide and
clarify the intended meaning of these terms.

Engineering: The design of the technological world using scientific knowledge, math
computation, engineering theory and engineering design processes (National
Academies, 2010). “Engineering is both a body of knowledge–about the design
and creation of human-made products-and a process for solving problems” (NAE
& NRC, 2014).
Engineering Design: This is an approach to problem-solving through a process of
modeling and analysis using math and scientific concepts to find a solution.
Engineering design consists of several characteristics including purpose,
specifications and constraints, iteration, evaluation, and optimization (Katehi, et
al., 2009). Dym, Agogino, Eris, Frey, & Leifer, (2005) define engineering design
as “a systematic, intelligent process in which designers generate, evaluate, and
specify concepts for devices, systems, or processes whose form and function
achieve clients’ objectives or users’ needs while satisfying a specified set of
constraints” (p. 103).
Engineering Education: In this context it refers to high school education which focuses
on engineering design, especially using modeling and analysis including
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mathematical and scientific rigor, to prepare students for studies in higher
education engineering and technology programs (Katehi, et al., 2009).
Engineering Technology: While formal engineering focuses mostly on theory and
design, the engineering technology field uses a mostly hands-on approach drawn
from a more practical and applied education often focusing on distribution, sales,
operation, service, and maintenance (NAE, 2016). “Engineering technologists
typically implement designs created by engineers.” (Katehi, et al., 2009, p. 34).
Engineering and Technology Education (ETE): In the context of this study, the following
definition is intended to refer to high school education focusing on engineering
and technology subjects. The Indiana Department of Education emphasized ETE
as “preparing students for college and career opportunities by providing the
knowledge and problem solving skills to understand, design, produce, use, and
manage the human-made world in order to contribute and function in a
technological society” (Indiana Department of Education, 2016).
Integrated STEM Education: For the purposes of this study, a general definition of
integrated STEM education includes “an effort to combine some or all of the four
disciplines of science, technology, engineering, and mathematics into one class,
unit, or lesson that is based on connections between the subjects and real-world
problems” (p. 38)–with the goal to be a more holistic approach engaging learners
in a more meaningful and relevant context (Moore, et al., 2014). The Committee
on Integrated STEM Education (NAE & NRC, 2014) noted they were reluctant to
provide a strict definition to not limit experimentation or creativity in a field still
needing further research and practice.
Math: This subject encompasses the “study of patterns and relationships among
quantities, numbers, and space” (NAE & NRC, 2014, p. 14). Claims in the field
of math are based on foundational assumptions and logical arguments, all of
which make up mathematical knowledge.
Outcome Expectancy Beliefs: Bandura (1977) described outcome expectancy beliefs to
include “a person's estimate that a given behavior will lead to certain outcomes”
(p. 193). Expectancy belief constructs have been conceptualized in multiple ways
and are influenced by many factors (Pajares, 1996). In this study, the term refers
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to teachers’ expectations of student learning outcomes influenced by beliefs about
their own teaching (teaching outcome expectancy beliefs).
Pre-engineering: In the context of this study, pre-engineering includes the knowledge,
skills, and curricula implemented in high school ETE that integrates problemsolving and the engineering design process to introduce students to the discipline
of engineering, and engineering technology (NAE & NRC, 2014).
Self-efficacy: Rittmayer and Beier (2008) described self-efficacy in their research of
self-efficacy in STEM as “Belief in one’s ability to perform a specific task is
referred to as self-efficacy. Self-efficacy is defined as a judgment about one’s
ability to organize and execute the courses of action necessary to attain a specific
goal…” (p. 1).
Science: Science is “a body of knowledge that reflects current understanding of the
world; it is also a set of practices used to establish, extend, and refine that
knowledge…based on evidence from many investigations, is integrated into
highly developed and well-tested theories that can explain bodies of data and
predict outcomes of further investigations” (NAS, 2012, p. 26). According to the
report A Framework for K-12 Science Education (NAS, 2012), various science
domains share particular features, chiefly a foundation committed to data and
evidence. High school teachers teaching biology or physics are referred to as
“science teachers” in this study.
Scientific Inquiry: Generally scientific inquiry is defined as “a process of asking
questions, generating data through systematic observation or experimentation,
interpreting data, and drawing conclusions” (Sandoval & Reiser, 2004, p. 345).
Scientific inquiry also includes a set of values described in the report A
Framework for K-12 Science Education (NAS, 2012) as: logical thinking,
precision, open-mindedness, objectivity, skepticism, transparent and honest
research procedures and findings. This approach to teaching science aims to
educate students about the nature of science by students participating in doing
science (Sandoval & Reiser, 2004).
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STEM: Acronym for “Science, Technology, Engineering, and Math.” Often used to
refer to these subjects of education or careers related to these fields (Katehi, et al.,
2009).
STEM Education: Broadly, STEM education involves the teaching and learning of
science, technology, engineering, and math subjects. Historically, STEM
education in the United States K-12 system has focused on isolated subjects with
emphasis on math and science, but reform efforts are pushing for a more
integrated educational approach of all STEM domains (NAE & NRC, 2014).
Technology: A broad definition of technology includes “the entire system of people and
organizations, knowledge, processes, and devices that go into creating and
operating technological artifacts, as well as the artifacts themselves” (NAE &
NRC, 2014, p. 14). Technology has been used in the human-made world to
satisfy needs and wants, and in modern times of the product of science and
engineering (NAE & NRC).
Technology Education: In K–12 education this subject includes the study of the “humanmade world, including artifacts, processes, and their underlying principles and
concepts…” (Katehi, et al., 2009, p. 18) as well as equipping students with
technological literacy to function effectively in a technologically dependent
society (Katehi, et al., 2009). In this study technology education is often used
synonymously with engineering and technology education (ETE) in the high
school context, though technology education may focus more on applied or
“hands-on” types of skills and less so on mathematical and theoretical concepts
that engineering education usually emphasizes. High school teachers in
technology education (and ETE) are referred to as “technology teachers” in this
study.
1.9 Summary
K–12 Engineering and Technology Education (ETE) is taking a more prominent
place in American schools today. Several different curricula have been developed and
implemented across the nation and the world. TRAILS is a program incorporating
professional development for high school STEM teachers, specifically pairing science
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and technology education teachers (or ETE teachers), to implement a model of integrated
STEM instruction for enhancing student learning of STEM content and generating
interest in STEM careers. The scope of this study investigates whether the TRAILS
professional development workshop and lesson implementation changes teacher selfefficacy in teaching STEM subjects and teaching outcome expectancy beliefs, and
awareness of STEM careers. The quasi-experimental design uses a pretest, posttest, and
delayed posttest survey instrument design with teachers partaking in the professional
development and a teacher comparison (control) group not participating in the TRAILS
professional development. Teacher self-efficacy and their outcome expectancy beliefs
have been shown to be important factors in effective teaching and student learning, and
teacher awareness of STEM careers on student career pathways (Nadelson, et al., 2012).
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CHAPTER 2. LITERATURE REVIEW

2.1 Introduction
The problems facing an increasingly globalized society require multidisciplinary
teams for developing solutions, many of which rely heavily on professionals in science,
technology, engineering, and math (STEM) disciplines (Moore, Stohlmann, Wang, Tank,
Glancy, & Roehrig, 2014). These problems and global competition continue to drive
appeals for additional students and higher quality educational pathways for STEM fields.
Nationally in the United States K–12 education system, there is a push to incorporate
engineering curricula and standards, especially in science, as emphasized in the Next
Generation Science Standards (NGSS Lead States, 2013). Moore, et al. (2014) noted
“But STEM teaching needs to go beyond where it is today and move toward a focus on
what understandings are needed to improve STEM learning in the 21st century. Due to
the nature of problems today, the new direction must center on STEM integration” (p.
36).
Even though America’s population and economy continues to grow, numerous
firms are moving the work of scientists and engineers to other countries due to a domestic
shortage of talent, while many of America’s secondary education graduates are lacking
the academic skills necessary for higher education in at least one core subject area
(National Academies, 2010). In 2013, the National Science Foundation reported that two
to three million STEM jobs in the United States remained unfilled and the shortfall is
likely to grow (Kirwan, 2013). The Department of Commerce also noted in 2011, that
over the previous decade, jobs in STEM career fields increased three times faster than in
occupations outside of STEM fields, with this disparity likely to continue (Langdon,
McKittrick, Beede, Khan, & Doms, 2011).
In recent years, advancing K–12 education in STEM subjects has increased in
importance among many educational groups and government agencies who are
advocating for more quality integrated STEM curricula and research (PCAST, 2010). In
the United States, the challenges to remain competitive in the worldwide economy
continues driving much attention toward STEM education quality and effectiveness.
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According to Katehi, et al. (2009), creating a more effective STEM education could assist
the United States in improving the quality of living standards for all Americans.
Technology has invaded every aspect of Western culture today, requiring a level
of literacy to function and excel in our rapidly changing world. Many aspects of life
today, including our food, clothing, goods, services, travel, communications, and social
and political systems are touched by technology in complex ways (Hickman, 2001). A
mostly human-made world surrounds us. Miaoulis (2010) noted that we live in a humanmade environment where engineers and technologists generate the technological
infrastructure that sustains our entire day-to-day lives, including our well-being,
convenience, communication, transportation, home and work environments, and culture
and entertainment. Dakers (2006) examined in detail how this has created a complex
interaction of cultural dynamics and technology evolution. Social and cultural
development has a strong correlation with technological development. According to
Dakers (2006), the dominant culture (in which this author interprets to mean the more
affluent and powerful one) is usually further technologically advanced. Cultural
development and technology have always been inextricably bound in a complex way
(Dakers, 2006).
Students are prepared in school to be familiar with the natural and social sphere
that surrounds them, yet this only addresses a part of their lives. “The classical K–12
curriculum essentially ignores the other 95%, the human made world. Technology is not
part of the mainstream curriculum…Understanding the natural world around us is
essential, but ignoring the other 95% is simply wrong.” (Miaoulis, 2010, p. 38).
Engineering and technology need to be part of the general instruction to help students
comprehend the world that surrounds them, providing a minimum level of technological
literacy while also exposing students to potential career pathways (Kelley & Kellam,
2009). It is critical that students are technologically literate, which is now simply basic
literacy (Miaoulis, 2010).
2.2 Engineering and Technology Education in K–12
Technology education is a practical subject with hands-on instructional methods
often used. A large portion of America’s economy now and in the future requires highly
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skilled and middle-skilled vocational workers. Holzer and Lerman (2007) remarked
about this connection between education and industry in a report on jobs and education:
Without initiatives that do better to link the emerging occupational
requirements with the education and training obtained by current and
future workers, employers will have to import workers, alter their
production strategies, and/or alter their production strategy in ways that
eliminate potentially good jobs. (p. 26)
In the updated report Rising Above the Gathering Storm, Revisited: Rapidly
Approaching Category 5 (National Academies, 2010), the authors state that since their
first report in 2005 (Rising Above the Gathering Storm: Energizing and Employing
America for a Brighter Economic Future) much has changed. In a world of even greater
challenges and economic turmoil, the United States’ competitive position is slipping. In
the 2005 report, 20 specific actions were drafted to help America remain competitive in
the global environment (National Academies, 2007), which includes strengthening the
public education system, still a necessary priority.
In the original Gathering Storm report, it concluded that quality jobs are a
fundamental measurement of competitiveness and that progress in science and
technology advancements will result in the majority of newly created jobs (National
Academies, 2007). Economic studies in recent years reveal that more than half of the
increase in Gross Domestic Product (GDP) is due to progress in technological innovation.
Not only has technology created a large quantity of quality jobs, but is has also allowed
for people around the world to compete for many of the same jobs, no longer limited by
the boundaries of great distances. Americans must be preparing for the educational rigor
of quality careers as well as maintaining their skills. However, the rising generation in the
United States is less educated than previous generations for the first time in the country’s
history, and so too probably will be their overall health and standard of living (National
Academies, 2010).
Though little attention has been given to engineering education in the K–12
education system in America, its prominence is growing and being integrated into K–12
engineering and technology education in many schools. Several different engineering
curricula and programs are being implemented around the country. The authors of
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Engineering in K–12 Education: Understanding the Status and Improving the Prospects
stated:
The presence of engineering in K–12 classrooms is an important phenomenon, not
because of the number of students impacted, which is still small relative to other
school subjects, but because of the implications of engineering education for the
future of science, technology, engineering, and mathematics (STEM) education
more broadly. Specifically, as elaborated in the full report, K–12 engineering
education may improve student learning and achievement in science and
mathematics; increase awareness of engineering and the work of engineers; boost
youth interest in pursuing engineering as a career; and increase the technological
literacy of all students. (Katehi, et al., 2009, p. 1)
Not only is engineering education in K-12 viewed as critical in terms of recruiting and
educating future engineers, but also in boosting educational achievement in all STEM
disciplines and technological literacy.
2.3 Engineering Integration with Technology Education and STEM
Although science, math, and technology education have a long history and
established standards of K–12 education, little has been established yet for engineering
education (Katehi, et al., 2009). Miaoulis (2010) addressed how engineering is a missing
component from the general curriculum of K–12 education. He traced this back to when
public education curriculum was first established in 1893 by the president of Harvard
University, Charles Elliott. At that time, there was not a great deal of technology to
learn, and what did exist, most children learned by working at home on the farm. In the
mid-1990s, K–12 engineering curricula was being developed, though not widely
recognized at the time. Miaoulis noted that Project Lead the Way was the first to offer a
high school course sequence in engineering targeted at students becoming future
engineers. In 2000 in Massachusetts, the Board of Education voted to include new
technology and engineering standards to transform Technology Education. Since then,
there has been a movement to introduce engineering into the technology curriculum and
standards nationwide. This helped capture the attention of the National Science
Foundation which started funding development of engineering education curriculum for
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K–12 education. However, launching K–12 engineering curricula nationwide met many
challenges, though engineering provides an intersection between math, science, and
innovation. While the quantity of future engineers will decline if this is not changed,
most people do not know what engineers really do and many misconceptions remain
across the United States (Miaoulis, 2010).
Lewis (2004) noted how technology education has continuously been questioned
of its validity as a legitimate school subject, but also points out that this has been true of
other subjects initially. Lewis specifically examined the trend of pre-engineering as the
most recent movement in ETE and how it is a categorical change from the working class
leanings of industrial arts education of the past toward more professional academic
traditions emphasizing engineering design. He also pointed out this is a calculated
sociological move in hope of making the subject more acceptable to academics who run
schools as well as parents and children who have focused their attention on higher
education pathways and professional careers (Lewis, 2004).
According to Williams (2010), curriculum agendas that propose a link between
technology and other areas rarely seem to favor technology. In general, integrative
approaches have promoted reform in science and math and accomplished little to advance
the goals of technology education. In the United Kingdom and the United States, projects
in STEM education have been developed and grown in influence as engineering has been
added to the mix. This is driven by a desire to improve science and math education to
increase the quantity of people pursuing careers in STEM fields and STEM literacy.
However, this theory of improving science and math education by integrating it with
engineering and technology has not yet been proven. Many rationales have been
proposed for integrating engineering in technology education that are similar to those
presented for other STEM initiatives (Williams, 2010).
Reid and Feldhaus (2007) wrote about the need for K–12 engineering education in
the context of the movement toward a more comprehensive and integrated STEM
education. In their study they stated:
Clearly, engineering education is at a crossroads. The issues delineated above are
all related to pro-active strategic visioning, strategic planning, education and the
use of new and innovative technologies to attract the next generation of leaders
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within the field; and the field is growing increasingly deep and wide. (Reid &
Feldhaus, 2007, p. 5)
The creation of a “feeder system” from K–12 education to higher education STEM fields
is needed (Reid & Feldhaus, 2007).
Recently the American Society for Engineering Education (ASEE) promoted an
initiative to improve K–12 ETE. They noted, “One of the strongest indicators of a
student who will successfully navigate the ‘pipeline’ to college is [a] rigorous high school
curriculum that has been specifically mapped during a consultation with high school
counselors, parents/guardians and the high school student…” (Reid & Feldhaus, 2007, p.
6). The implementation of engineering curricula into K–12 education is increasing
rapidly around the United States, often being integrated with ETE (Reid & Feldhaus,
2007). Moore, et al. (2014) noted that “effective practices in integrating engineering into
STEM teaching involve complex problem solving, problem-based learning, and
cooperative learning, in combination with significant hands-on opportunities and
curriculum that identifies social or cultural connections between the student and
scientific/mathematical content” (p. 36). Engineering may provide a basis for integrated
STEM education, but STEM teaching continues to need improvement (Moore, et al.,
2014).
2.4 Integrated STEM Education, Benefits, and Challenges
Integrated curriculum, teaching, and learning are not necessarily new but linked to
the ideas of John Dewey, constructivist theory, and the progressive education movement.
However, there is now an emphasis on 21st century skills and problem-solving
incorporating the STEM disciplines in an interdisciplinary approach (Moore, et al.,
2014). Curricula in K–12 ETE are being improved to create a more effective integrated
STEM education program and advance the flow of scholars into STEM careers (Prevost,
et al., 2009). Yet STEM education often remains limited to science and math, being
mostly taught disconnected from one another with little emphasis given to technology or
engineering (Hoachlander & Yanofsky, 2011).
In 2009, Sanders explained how integrated STEM education includes “approaches
that explore teaching and learning between/among any two or more of the STEM subject
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areas, and/or between a STEM subject and one or more other school subjects” (p. 21).
Outcomes for instruction in one or more other STEM domains must be purposely and
explicitly designed in the curriculum originally developed for a single subject (Sanders,
2009; Tran & Nathan, 2010). Moore, et al. (2014) described integrated STEM education
as “an effort to combine some or all of the four disciplines of science, technology,
engineering, and mathematics into one class, unit, or lesson that is based on connections
between the subjects and real-world problems” (p. 38), with the goal to be a more holistic
approach engaging learners in a more meaningful and relevant context. Integrated STEM
curriculum models may include content integration with multiple STEM subject learning
objectives, or context integration where the focus lies on the content of primarily a single
subject, but other STEM domain contexts are incorporated (Moore, et al., 2014).
The task of implementing an effective integrated curriculum is challenging but
rewarding. Stohlmann, Moore, & Roehrig (2012) noted that integrated STEM education
requires great coordination of people and resources to enable students to develop ideas
and solutions for problems in the real world implementing the engineering design
process. The National Academy of Engineering and National Research Council
Engineering advocate that engineering design is an ideal STEM content integrator and as
a pedagogical approach provides an authentic learning context to enhance STEM learning
(NAE & NRC, 2009). Research studies on implementing integrated STEM curriculum
have revealed students more actively engaged in learning and increased interest in STEM
subjects (Stohlmann, et al., 2012). Results from using WISEngineering, a web-based
scaffolding platform to support the engineering design process, improved math learning
in an integrated STEM design-based learning environment, showed significant
improvement in math performance on standardized tests and pre/posttests measuring
Common Core math concepts (Chiu, et al., 2013). In other research using another
scaffolding approach to learning science in a design-based context, students made
significant increases in understanding science concepts (Puntambekar & Kolodner,
2005). Results also revealed that students benefit from a variety of scaffolding and
sequence of support.
Roehrig, et al. (2012) identified in a study that the highest quality of STEM
integration occurred when math and science teachers co-planned and implemented
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engineering design units. However, secondary teachers struggle to locate authentic
contexts for teaching STEM subjects, lack pedagogical context and content knowledge
(including teaching engineering design), need professional development to teach
integrated STEM education effectively, and face challenges with curricular standards and
required high-stakes testing. Moreover, few well-developed strategies or models exist for
teachers to follow (Brophy, Klein, Portsmore, & Roger, 2008; Wang, et al., 2011).
Science and math learning results also depend on the integrated STEM approach, and the
type of support incorporated into the instruction and context (NAE & NRC, 2014). The
positive impacts on math and science learning differ. Findings from integrated STEM
research should be cautiously interpreted with the small number of studies and varying
quality and contexts (NAE & NRC, 2014).
According to Wang, et al. (2011), justification for integrated STEM education
includes:
the merging of the disciplines of science, technology, engineering, and
mathematics in order to: (1) deepen student understanding of each discipline by
contextualizing concepts, (2) broaden student understanding of STEM disciplines
through exposure to socially and culturally relevant STEM contexts, and (3)
increase interest in STEM disciplines by increasing the pathways for students to
enter the STEM fields. (p. 2)
Integration of subjects is more than including different subject areas together but of
emphasizing cross-cutting connections among subjects so they are not so easily
separated, known as an interdisciplinary approach. Many investigators emphasize that an
interdisciplinary approach is the most effective practice for integrating curriculum, which
surrounds a real-world problem rather than a specific subject (Wang, et al., 2011).
Moore, et al. (2014) emphasized engineering design as an integrator of STEM
education by having “students participate in engineering design as a means to develop
technologies that require meaningful learning and an application of mathematics and/or
science” (p. 38). However, implementation of integrated STEM approaches may vary in
terms of how many teachers, classes, or subjects are involved and to what degree subjects
are emphasized (Moore, et al., 2014). The TRAILS project specifically focuses on pairs
of teachers in science and ETE classes. Though math teachers are also a key piece for an
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integrated STEM education approach, this study is part of the larger TRAILS grant
project focusing on high school science and technology teachers. The type and degree of
integration of subjects and their emphasis is to be determined by the teacher team which
will decide what is appropriate and feasible for their particular school context. Studies on
using the engineering design process in pre-college STEM courses shows mixed results
in this approach to teaching math and science, and promoting student interest in STEM
careers (Stohlmann, et al., 2012). These mixed results could occur because of a multitude
of reasons. Though there are many benefits to implementing an integrated STEM
curriculum, there are also many challenges. A lack of teacher experience and knowledge
remains, as well as extra time to prepare and teach an engineering design-based
integrated STEM curriculum (Stohlmann, et al., 2012).
Frykholm and Glasson (2005) recommend three principles to guide educators to
an integrated approach to teaching which include: 1.) a shift in focus from integration of
school subjects being only multidisciplinary, to a focus on connections between subjects
where a primary concept or idea provides the center around which to integrate subjects;
2.) an emphasis on the development of pedagogical context knowledge; and 3.) a teacher
education program that promotes learning in discipline specific content knowledge and
pedagogical content knowledge. Johnson (2013) noted that:
Integrated STEM education is more than curriculum integration…Specifically,
integrated STEM education is an instructional approach, which integrates the
teaching of science and mathematics disciplines through the infusion of the
practices of scientific inquiry, technological and engineering design, mathematical
analysis, and 21st century interdisciplinary themes and skills. (p. 367)
Many challenges remain in implementing integrated STEM education curriculum
in schools. Approaches to integrated STEM education remain unclear (Breiner,
Harkness, Johnson, & Koehler, 2012) and many STEM education efforts continue to be
disjointed, teaching science and math, technology and engineering apart from one another
(Abell & Lederman, 2007; Sanders, 2009; Wang, et al., 2011). Often teachers lack access
to proven STEM lessons that engage students in technology and engineering practices
while improving math and science achievement. This is especially acute in rural school
settings with low socio-economic status where professional development opportunities
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are scarce and shortages remain for highly qualified STEM teachers (Arredondo &
Rucinski, 1996; Czerniak, 2007; Sipple & Brent, 2008). Frequently integrated STEM
instruction is not made explicit to teach students knowledge and skills within a specific
domain, including the connections across STEM disciplines. Support for student learning
can remain implicit in many integrated STEM experiences or is all together absent (NAE
& NRC, 2009). The Committee on Integrated STEM Education emphasized that:
Connecting ideas across disciplines is challenging when students have little or no
understanding of the relevant ideas in the individual disciplines. Also, students do
not always or naturally use their disciplinary knowledge in integrated contexts.
Students will thus need support to elicit the relevant scientific or mathematical
ideas in an engineering or technological design context, to connect those ideas
productively, and to reorganize their own ideas in ways that come to reflect
normative, scientific ideas and practices. (NAE & NRC, 2014, p. 5)
Furthermore, increased integration of STEM subjects is not inevitably more
effective, especially if there is a lack of a strategic employment process that weighs the
benefits and challenges. In a study by Valtorta and Berland (2015) on an integrated
STEM education approach, the researchers indicated that students were unable to
describe the math and science content relationship to their solution. Furthermore, there
were few instances where students attempted to integrate math and science content at all.
Though teachers explicitly supported new mathematical and scientific concepts, students
still failed to integrate the concepts into their design work (Valtorta & Berland, 2015).
STEM teachers think prior student knowledge of science and math is important
for their success in an integrated STEM context (Wang, et al., 2011). The design and
implementation of integrated STEM curriculum is also greatly affected by teachers’
beliefs and perceptions of STEM integration. Teachers in the study by Wang, et al.
believed that STEM integration did have a positive effect on students’ confidence in
learning math and science concepts and interest in STEM careers. Benefits for students
connected to well-integrated teaching include prospects for learning in more pertinent
and engaging practices, practicing higher level critical thinking skills, advancing their
problem-solving skills, and increasing retention in STEM disciplines (Stohlmann, et al.,
2012).
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To provide support for integrated STEM education, more institutions and
organizations are partnering with schools. Federal funding has provided professional
development training for teachers to implement integrated STEM curriculum. Concern
for instructors implementing integrated STEM instruction includes support of teachers,
teacher efficacy, teaching practices, and necessary materials (Stohlmann, et al., 2012).
Most research studies have found benefits to integrated instruction, but also mention that
more time is required for teachers to plan and effectively teach this material. Teachers
also often have gaps in knowledge in their own content areas while adding addition
subjects may create additional gaps and challenges. Furthermore, teacher self-efficacy
and content knowledge are important for students to successfully learn. Effective
pedagogical practices also factor largely in feelings of self-efficacy, reaffirming the need
for teacher support and professional development (Stohlmann, et al., 2012).
In supporting teachers to foster effective student learning, Stohlmann, et al.,
recommended using best practices in STEM education that have been identified in
science and math education including:
1. Use manipulatives and hands-on learning;
2. Cooperative learning;
3. Discussion and inquiry;
4. Questioning and conjectures;
5. Use justification of thinking;
6. Writing for reflection and problem solving;
7. Use a problem-solving approach;
8. Integrate technology;
9. Teacher as a facilitator;
10. Use assessment as a part of instruction. (Zemelman, Daniels, & Hyde, 2005)
Most of these practices are embedded in the TRAILS professional development institute
and exemplar lessons which emphasize a blend of engineering design, scientific inquiry,
and project based learning in a community of practice. Teachers are taught to use an
inquiry approach to teaching science in a collaborative environment requiring students to
question, discuss, predict, reflect, and use a problem-solving approach. Teachers will
often play a facilitating role guiding students through the design process and integrating
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technologies to create and test solutions through various types of assessment. More
research on integrated STEM education should be completed that carefully evaluates best
practices specifically in this context (Stohlmann, et al., 2012).
The TRAILS professional development model begins by grounding teachers in
“conceptual understanding of integrated STEM education by teaching key learning
theories, pedagogical approaches, and building awareness of research results of current
secondary STEM educational initiatives” (Kelley & Knowles, 2016). Kennedy, et al.,
(2012) emphasized several key points that characterize high quality STEM education
programs:
1. Include rigorous mathematics and science curriculum and instruction;
2. At a minimum, (if separate STEM courses are not available in all areas)
integrate technology and engineering into the science and mathematics
curriculum;
3. Promote engineering design and problem solving—(scientific/engineering) the
process of identifying a problem, solution innovation, prototype, evaluation,
redesign —as a way to develop a practical understanding the designed world;
4. Promote inquiry—the process of asking questions and conducting
investigations—as a way to develop a deep understanding of nature and the
designed world;
5. Be developed with grade-appropriate materials and encompass hands-on,
minds-on, and collaborative approaches to learning;
6. Address student outcomes and reflect the most current information and
understandings in STEM fields;
7. Provide opportunities to connect STEM educators and their students with the
broader STEM community and workforce;
8. Provide students with interdisciplinary, multicultural, and multi-perspective
viewpoints to demonstrate how STEM transcends national boundaries
providing students a global perspective;
9. Use appropriate technologies such as modeling, simulation, and distance
learning to enhance STEM education learning experiences and investigations;
10. Be presented through both formal and informal learning experiences;

24
11. Present a balance of STEM by offering a relevant context for learning and
integrating STEM core content knowledge through strategies such as projectbased learning. (p. 255)
Many of these elements are included in the TRAILS project for integrated STEM
professional development and implementation.
2.5 The Role of Teacher Self-Efficacy in STEM Education
Teacher self-efficacy has proven to be a critical component for student learning
(Nadelson, et al., 2012; Yoon, et al., 2012). Rittmayer and Beier (2008) described selfefficacy in their research in STEM education as:
Belief in one’s ability to perform a specific task is referred to as self-efficacy.
Self-efficacy is defined as a judgment about one’s ability to organize and execute
the courses of action necessary to attain a specific goal–self-efficacy judgments
are related to specific tasks in a given domain… (p. 1)
Nadelson, et al. (2012) noted the importance of focusing on enhancing teacher
self-efficacy in their research on an integrated STEM professional development institute
since there appears to be a direct connection between teachers’ motivation and comfort to
teach with students learning STEM content. Nadelson, et al., also measured significant
gains in teacher “perceived efficacy, comfort, contentment, and knowledge” (p. 81)
resulting in the increased capacity of teachers to teach STEM content after participating
in their integrated STEM professional development summer institute. Several factors
may influence student persistence and retention in a STEM discipline, some of which are
impacted by teacher self-efficacy (Painter & Bates, 2012).
Much of the construct of self-efficacy originated with Albert Bandura at Stanford
University and continues to provide a foundation of continuing research on self-efficacy
today. Bandura (1994) described self-efficacy as “people’s beliefs about their
capabilities to produce designated levels of performance that exercise influence over
events that affect their lives. Self-efficacy beliefs determine how people feel, think,
motivate themselves and behave.” (p. 1). Bandura theorized that a strong feeling of selfefficacy enhanced achievement and general welfare because difficult tasks are viewed by
such individuals as challenges to be overcome through sustained effort and knowledge
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and skill acquisition. However, individuals with low self-efficacy have an inclination to
doubt their own capabilities and avoid difficult tasks resulting in low aspirations and give
up quickly when faced with challenges (Bandura, 1994).
Furthermore, Bandura defined four categories that are thought to be influencing
factors of self-efficacy including: mastery experiences, social persuasion, secondhand
experiences, and physical state (Bandura, 1994; Painter & Bates, 2012). In the research
done by Painter & Bates (2012), examples of these factors are given which they
investigated as it related to academic self-efficacy in STEM. Mastery experiences
includes successful experiences in the past that increase the likelihood to succeed again.
Social persuasion involves receiving encouragement or discouragement from others to
achieve goals. A vicarious experience may include seeing another fail or succeed. The
level of physical ability required by someone to accomplish a task is physiological state
(Painter & Bates, 2012).
Academic achievement appears to be influenced by a range of aspects including
self-efficacy, motivation, attitude, and aptitude (Witt-Rose, 2003). Furthermore, research
has revealed that self-efficacy is a strong predictor of academic success in general.
However, mixed results have surfaced in research on the relationship of self-efficacy and
achievement in science in higher education studies. Bandura (1997) recommended using
a domain specific instrument to measure self-efficacy for a particular discipline to
produce more accurate results.
Since the 1970s, when Bandura introduced self-efficacy through his social
learning theory, it has become an important construct to measure in educational research.
Yoon, et al. (2012) noted that in particular, “teacher self-efficacy has received attention
from researchers because of findings that indicate its direct relationship with teachers’
classroom behaviors that influence the student performance” (p. 1). Teacher selfefficacy, especially in a specific subject matter, plays a key role in their preparation,
instructional strategies, pedagogical methods, and their students’ own self-efficacy and
performance in that subject. Yoon, et al. emphasized that teacher self-efficacy affects the
commitment of teachers and predicts outcomes of students. Not only does the teacher’s
own beliefs about their abilities to affect educational performance of students have an
influence on the teacher’s behavior, but their own self-efficacy in a particular teaching
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context can actually bring about a great impact on students’ educational performance.
Therefore, it is critical to prepare pre-service and in-service teachers in their subject areas
so that they have a strong confidence in their capability to influence students’ educational
attainment positively (Yoon, et al., 2012).
2.6 Instruments for Measuring STEM Teacher Self-Efficacy and Beliefs
Though self-efficacy instruments have been broadly employed in the last twenty
years, the author identified only a few self-efficacy instruments focused on STEM
education (not necessarily integrated STEM) and teaching that were used widely and
thoroughly evaluated for their reliability and validity. A well-known self-efficacy
measure instrument, the General Perceived Self-Efficacy Scale, also known as the
General Self-Efficacy Scale (Dunlap, 2005; Jerusalem & Schwarzer, 1992), assesses
optimistic self-beliefs in general for facing difficulties in life using a 10 item
psychometric scale. The scale has high internal consistencies with values of Cronbach’s
alpha of 0.75 to 0.90 (Dunlap, 2005; Jerusalem & Schwarzer, 1997). In a study by
Dunlap to gather self-efficacy data in the context of problem-based learning focused on
software development, she used items from the General Self-Efficacy Scale and
emphasized that students were to respond in the context of solving problems in software
development to assist students answering and reduce ambiguity (Dunlap, 2005). In
Dunlap’s research, she found significant increase in self-efficacy mean scores using the
General Self-Efficacy Scale at the start and then later at the conclusion of implementing
problem-based learning for a semester (Dunlap, 2005).
A more focused self-efficacy measurement instrument used in academic research
is the Academic Self-Efficacy Scale developed by Pintrich and DeGroot (Painter & Bates,
2012; Pintrich & DeGroot, 1990). The Academic Self-Efficacy Scale has resulted in high
Cronbach’s alpha internal reliability values of 0.93. Painter and Bates (2012) statistically
compared measurements they gathered from undergraduate STEM students using both
the General Self-Efficacy Scale and the Academic Self-Efficacy Scale. Their research on
the factors that influence self-efficacy found that the four Bandura described can only
explain about 50% of the variability in the data (Painter & Bates, 2012). In their
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conclusion, Painter and Bates (2012) suggested looking at a wider variety of factors that
might influence self-efficacy among STEM students.
Researchers have created and tested self-efficacy instruments for teachers in
various educational settings but the instruments frequently lack specificity in different
subject areas. A teacher may have high self-efficacy in teaching a particular subject such
as science for example, but not in another subject like math. Therefore, the subject area
related to the construct measured in a specific context may be unclear. Yoon, et al.,
(2012) noted that most instruments developed measure general aspects of self-efficacy,
while a more optimal instrument would use greater specificity in the constructs measured.
The instrument needs to be specific enough to measure teacher self-efficacy in a
particular educational context. As a result, researchers have created self-efficacy
instruments to specifically measure each of the STEM domains.
One survey instrument adapted by Witt-Rose (2003) to measure science selfefficacy specifically for research with students in an anatomy and physiology course, was
based on the Baldwin Confidence Survey Form. The Baldwin Confidence Survey Form
has been used to assess self-efficacy in STEM disciplines in general. George (2012) used
the Baldwin Confidence Survey Form to measure self-efficacy with undergraduate STEM
students at California State University Fullerton to research issues related to low student
retention rates among science and engineering majors. George noted:
Research has found that self-efficacy is positively related to grade in STEM
courses and intent to persist is given that students enter courses with varying
levels of fear and anxiety. Baldwin Confidence Survey Form, created to measure
self-efficacy in STEM, was used for this study. Participants respond to statements
on a five-point scale, ranging from strongly disagree to strongly agree.
Statements are phrased both positively and negatively to increase reliability and
reduce apathetic answers. (George, 2012, p. 5)
In his research, George used a pre and post survey to measure the difference in STEM
self-efficacy after the implementation of an academic intervention designed to increase
STEM self-efficacy with the purpose of increasing persistence rates among science and
engineering students (George, 2012).
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Though surveys exist that were created by individuals in specific disciplines of
STEM for research studies (especially in math and science), few well tested instruments
were found to measure self-efficacy in STEM. Though research has confirmed validity
of the Baldwin Confidence Survey Form finding self-efficacy being positively related to
intent to persist in STEM majors and grades in STEM subjects, no reliability
measurements were found by the author, such as Cronbach’s Alpha (Engelman, 2011).
Furthermore, the Baldwin Confidence Survey Form was originally designed to measure
student self-efficacy related to their understanding and use of biology, not STEM in
general, or for teachers, though it has been adapted for such investigation (Baldwin,
Ebert-May, & Burns, 1999).
A STEM education instrument for assessing middle school and high school
students, the Student Attitudes toward STEM Survey (S-STEM) survey, “invites students
to give information about their attitudes toward science, technology, engineering, and
mathematics (STEM) subjects, and college degree and career trajectories” (Friday
Institute for Educational Innovation, 2012b). The survey can be taken online or on a
paper form and includes eight items about math, nine items about science, nine items
about engineering and technology, eleven items about learning, twelve items about future
career areas in STEM, and nine items on demographic information (Friday Institute for
Educational Innovation, 2012b). This instrument has been well reviewed and analyzed
producing high construct reliability with the following Cronbach’s Alpha coefficients:
0.897 for math, 0.889 for science, 0.891 for engineering and technology, and 0.914 for
student learning conditions (Friday Institute for Educational Innovation, 2012c).
In phase I of the S-STEM instrument development, 109 students in grades 6-12
piloted the survey. After using exploratory factor analysis, written feedback from the
respondents, and review by experts, some items were dropped and others were rewritten.
Then the revised surveys were tested on 9,081 students in phase II and additional items
were dropped to improve and shorten the instrument. Differential item functioning
revealed that students in various grade levels and genders still comprehended the
questions similarly, though analysis confirmed that males and females viewed the
associations between STEM subjects in a different way (Friday Institute for Educational
Innovation, 2012b). Overall, the S-STEM survey is the most encompassing in scope of
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measurements and is the most tested and analyzed instrument found by the author to date.
The Friday Institute for Educational Innovation continues to use the instrument and
allows others to implement it in exchange for collecting additional data.
Additionally, a teacher STEM education self-efficacy survey instrument was
created by the Friday Institute, called the Teacher Attitudes toward STEM Survey (TSTEM). This instrument measures teacher perceptions of STEM education, careers in
STEM, and self-efficacy in teaching STEM subjects. The Friday Institute for
Educational Innovation (2012a) noted that the T-STEM surveys are “intended to measure
changes in STEM educators’ confidence and efficacy toward STEM; their attitudes
toward 21st century learning and teacher leadership; the frequency with which they use
some instructional practices related to STEM; and the frequency of student technology
use.” The T-STEM instrument consists of four different forms, one for each of the
subject areas in STEM: the T-STEM Science Teacher, T-STEM Technology Teacher, TSTEM Engineering Teacher, and T-STEM Mathematics Teacher. The T-STEM surveys
ask teachers about their STEM “instructional practices, their confidence in teaching their
specific STEM subject, and the degree to which they believe student’s learning can be
impacted by effective teaching” (Friday Institute for Educational Innovation, 2012a).
Each subject area survey was developed exactly the same except for the subject words
(science, technology, engineering, or math) were interchanged. Though the surveys were
piloted to investigate the validity and reliability, formal analysis was only done on the
science and math teachers since sample sizes were small for technology and engineering
versions. Some survey questions were edited based on the results. Data continues to be
collected on these survey instruments and is required to be reported to the Friday Institute
by those who implement the survey forms in exchange for their use, which are available
upon request free of charge (Friday Institute for Educational Innovation, 2012c).
However, the technology and engineering versions of the T-STEM survey are exactly the
same in item wording other than the specific subject named (e.g., “science” is replaced
with “technology” or “engineering”). The T-STEM survey is the chosen instrument for
this study since it measures discipline specific teacher self-efficacy, outcome expectancy,
and STEM career awareness in addition to other constructs.
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Other survey instruments exist to measure teacher self-efficacy in STEM
disciplines, usually in one subject only. One of these instruments includes the Teaching
Engineering Self-Efficacy Scale (TESS) created by Yoon, et al. (2012) through the
Institute for P-12 Engineering Research and Learning (INSPIRE) at Purdue University.
The TESS instrument measures teacher’s self-efficacy in teaching engineering, for which
most K–12 teachers have little training or professional develop to implement (Yoon, et.
al.).
Riggs and Enochs (1990) formed a survey to measure self-efficacy in teaching
elementary science called the Science Teaching Efficacy Belief Instrument (STEBI), after
which other STEM self-efficacy instruments have been modeled, including the selfefficacy portion of the T-STEM used in this study. Yoon, et al. (2012) noted that the
STEBI was “designed to measure two constructs, outcome expectancy and selfefficacy…based on Bandura’s theoretical framework that behaviors are effected by both
personal expectancy about the outcome and personal belief about teaching” (p. 3). While
an educator may have high self-efficacy for teaching science, the level of self-efficacy in
teaching math may be quite different. Therefore, survey instruments need to focus on
one specific construct at a time. (Tschannen-Moran, Woolfold, & Hoy, 2001; Yoon, et.
al.). In this study, science teachers are taking the T-STEM Science Teacher Survey for
science teachers, and technology teachers are taking the T-STEM Technology Teacher
Survey for technology teachers.
2.7 STEM Teacher Professional Development
A key strategy for advancing integrated STEM education and technology and
engineering education includes developing teachers’ professional knowledge and
motivation to teach this type of curriculum. High quality STEM instruction requires upto-date content knowledge and specific pedagogical content knowledge in various related
fields (Moore, et al., 2014). STEM teacher professional development focused on
strategies that help increase student mathematical and scientific learning may also be
invaluable to making a significant difference in student learning and STEM career
interest. Professional development helping STEM teachers design and teach integrated
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STEM curriculum can provide more engaging student learning experiences as well
(Avery, 2013).
Research on professional development identified several effective characteristics
of implementing teacher training including: focusing on subject matter knowledge; more
than 40 hours of training with at least a year of follow up; linking teacher’s previous
knowledge and skills; actively engaging teachers in the training sessions; and having
teams of educators from the same schools attend together (Loveless, 2013; Wilson,
2009). A similar set of effective features of professional development is recommended in
a meta-analysis by the Council of Chief State School Officers including: a focus on
content knowledge; active methods of learning; participation with a team of colleagues
from the same school; coherence to state content standards; sufficient time for training
and follow up activities; and evaluation of teacher knowledge, classroom practices,
student achievement, and quality of implementation (Blank & de las Alas, 2009). This
meta-analysis (Blank & de las Alas, 2009) also determined that the best programs
included at least 100 hours of training through a variety of contexts and methods. The
TRAILS professional development workshop aims to incorporate all of these effective
strategies to some degree, including the two-week intensive summer training
(approximately 70 hours) with follow up meetings, teacher support, an online
professional learning community, and evaluation and research through the following
academic year, providing additional hours of development.
Though there are many challenges with implementing an integrated STEM
education model, research has shown teacher professional development benefited
classroom practices in many ways and helped teachers overcome challenges (Avery,
2013). A study on teacher professional development for design-based learning by
Bamberger and Cahill (2013), guided pedagogical strategies for teaching design, and
shared multiple models of design strategies fostering creativity. Denson, Kelley, and
Wicklein (2009) noted that technology education teachers identified that they needed
training on subject integration and how to incorporate suitable levels of science and math.
Technology teachers also felt they needed additional engineering curriculum resources
and support in using engineering design (Denson, et al., 2009). In another study that
followed STEM teachers after professional development, researchers identified that when
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STEM teachers were not as confident in teaching a design-based curriculum, student
learning and accomplishment were affected (Stohlmann, et al., 2012). Project Lead the
Way teachers with varied backgrounds felt more comfortable with specific parts of the
curriculum for which they were more prepared (Stohlmann, et al.). In a meta-analysis
study on secondary school technology and engineering education professional
development, Daugherty and Custer (2014) recommended, “There is a need to think and
work integratively across the STEM disciplines within the professional development
environment, but also keeping in mind and addressing teachers’ unique disciplinary
needs” (p. 272). The authors also discussed how much of the content of pre-engineering
professional development centered on technology, but also included scientific inquiry,
mathematical reasoning, and engineering design. All of these content areas will be
emphasized in the TRAILS professional development workshop.
Professional development needs to promote a deep understanding of subject
content and pedagogical content knowledge to teach integrated STEM education
effectively (Avery, 2013). Teachers in K–12 education must obtain the skills to help
students learn effectively in the context of the engineering design process, design-based
challenges, and project-based instruction. Educators can also learn more about STEM
careers, such as what engineers do, to inspire and encourage students in pursuing careers
in STEM fields (Avery, 2013). Stohlmann, et al., (2012) emphasized the importance of
STEM teachers attending professional development, partnering with a nearby university,
time to collaborate with teachers, and curriculum training to implement effective
integrated STEM education. Avery (2013) described the content of a summer
professional development workshop for teachers preparing to teach integrated STEM
curriculum:
The focus of the summer workshop was to (a) model how an engineering design
challenge was performed in the class, (b) provide teachers practice with how to
solve design problems, (c) teach the teachers how to infuse engineering design
into high school programs, (d) study curriculum models, and (e) learn how to
assess engineering design. (p. 58)
A spring workshop was presented before the summer of professional development,
introducing general STEM education content. The summer workshop significantly
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focused on learning and implementing the engineering design process, using engineering
challenges, and how to assess engineering design (Avery, 2013).
Furthermore, when directing a STEM professional development program, Avery
(2013) emphasized how it is imperative to provide a supportive learning environment for
teachers. Teachers mentioned several salient points about this program in particular
including “showing respect for what teachers do and teach, and providing the necessary
support for teachers to sustain what they learn through STEM PD” (Avery, 2013, p. 63).
When creating STEM professional development, it is vital to contemplate the wide range
of knowledge, background, and experiences of the teachers coming from unique
educational environments. The delivery of STEM education requires a wide range of
knowledge especially when using engineering design to make connections among subject
areas in real world context (Avery, 2013).
In another study investigating student learning in middle school science classes
incorporating engineering design modules, teachers participated in a professional
development course to gain engineering content knowledge and integrated technology
implementation to support science and math learning (Cantrell, Pekcan, Itani, &
Velasquez-Bryant, 2006). Teachers developed three modules in the course to use in their
middle school classrooms which included lesson plans, web-based simulations, and
assessments. Cantrell, et al. indicated that they developed engineering design modules
which built on the work of other researchers who created successful curriculum
integrating engineering into science courses using engineering design challenges that
have effectively engaged middle school students. The authors also emphasized that
“Engineering design activities are a powerful strategy for the integration of science,
mathematics, and technology, and for engaging a broad population of students” (Cantrell,
et al., p. 302). Teachers were paid a stipend to enroll in a three credit-hour graduate
course for professional development. The course emphasized engineering content, how
to create engineering design modules, assessment strategies, and using scientific inquiry
pedagogy. In addition, teachers were specifically taught the thinking processes and
teaching approaches for implementing the engineering design process (Cantrell, et al.,
2006).
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Teachers typically avoid instruction on content areas they do not strongly
comprehend. This can be a substantial problem for pre-college engineering education
and teaching the process of engineering design and inquiry. Teaching engineering design
may be particularly difficult because there is no one correct answer but multiple solutions
to an ill-structured and open-ended problem. Teachers need to be comfortable teaching
the process of engineering design and evaluating the quality of students’ solutions to
problems appropriately using a level of engineering analysis. However, many teachers
lack the necessary experience and knowledge to do this effectively (Brophy, et al., 2008).
Brophy, et al. noted that “preparing teachers to blend engineering education into the
curriculum requires identifying and understanding better the unique interaction of
pedagogical knowledge, domain knowledge, and the combination of the two, often
referred to as pedagogical content knowledge…” (p. 381). Teachers can have a
significant impact on student interest in STEM careers, and some outreach efforts have
targeted teacher readiness to implement engineering curriculum.
Teacher professional development activities help to prepare teachers for
implementing new content and instructional methods, often focusing on specific lessons
or activities (Brophy, et al., 2008). However, teachers also need assistance in how to
blend this new content and methods with existing curriculum. Sustaining changes
requires a community of teachers with a similar commitment and a supportive cohort
environment. A one week professional development workshop may assist teachers in
getting started but ongoing support and development is needed to sustain teachers in
attaining competency to adopt and design engineering curriculum (Brophy, et al.).
Furthermore, science educators need to learn the knowledge and skills required
for teaching science through employing the engineering design process (Capobianco &
Rupp, 2014). The Next Generation Science Standards (NGSS) heavily emphasize the
integration of engineering design and practices with scientific inquiry and practices
(NGSS Lead States, 2013). Equipping teachers with the foundation and skills to
implement the engineering design process to teach science is a huge task and requires
professional development of high quality. Teachers need preparation in planning for and
teaching (pedagogical approaches and practices) the engineering design process and
design-based science curriculum (Capobianco & Rupp, 2014). In their study, teachers
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attended a two-week intensive summer professional development workshop that focused
on “innovative, design- and standards-based curriculum accompanied by design-informed
science instructional methods” (Capobianco & Rupp, 2014, p. 260). After the summer
professional development, teachers participated in supplementary support sessions
scheduled during academic year of implementation and related research activities.
Donna (2012) presented a framework for teacher professional development
promoting engineering design as a pedagogy to integrate STEM subjects. Donna
emphasized how professional development is more impactful when it is job-embedded,
sustained over time, and provides professional learning communities (PLCs). In this
professional development, the teachers followed an engineering design model
incorporating prior knowledge and learned how to collaborate making connections
between content areas while working through an engineering design challenge. Donna
presents a professional development model with six sequential phases:
Explore prior knowledge related to engineering and relationships between
domains, Develop basic knowledge of engineering, Engage in a cooperative
engineering design activity, Reflect on an activity as learners and STEM
educators, Extend knowledge and connections between domains, Continue work
within Professional Learning Communities. (p. 3)
This professional development model focused on building both the teacher’s content
knowledge along with pedagogical content knowledge. Teachers learned about
technology, engineering, and the engineering design process, including how to implement
it in the classroom in a cooperative learning approach–engineering design pedagogy.
Teachers also spent time reflecting on the connections between engineering and math,
science, and technology concepts and subjects (Donna, 2012). Donna also emphasized
that professional development experiences are not one time events, but ongoing and that
PLCs can help further collaboration and learning among teachers.
Roehrig et al. (2012) investigated secondary teachers’ implementation of STEM
integration during an extended year-long professional development program. The
professional development operated from two underlying STEM integration models–
content and context integration–allowing for more implementation flexibility (Roehrig, et
al.). Content integration “focuses on the merging of the content fields into a single
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curricular activity or unit to highlight ‘big ideas’ from multiple content areas” (Roehrig,
et al., p. 35). Teachers worked through a series of activities with direct experiences
employing engineering design. This provided a context for teachers to teach from each
STEM discipline and show how all these subjects were needed to solve a problem
(Wang, et al., 2011).
In the second model, “Context integration primarily focuses on the content of one
discipline and uses contexts from others to make the content more relevant” (Roehrig, et
al., 2012, p. 35). For instance, a math teacher might choose a unit that uses statistics to
perform a safety analysis for a company, but then the context would allow for the
engineering design process to be utilized to design solutions for the business. This type
of example is a type of model-eliciting activity (MEA), a broad set of engineering and
math problems. MEAs “are complex problem-centered, team-oriented activities that are
situated in realistic, meaningful contexts that require students to design approaches to
solving a task” (Roehrig et al., p. 35). With MEAs students develop mathematical
models, then test it with sample data, and revise the model to solve a particular problem
in an iterative process–a form of engineering design (Roehrig, et al.).
In this five-day professional development module (extended over several months)
on 6-12 grade STEM integration, engineering and the engineering design process drove
the majority of models for the integration of STEM for science and math courses
(Roehrig, et al., 2012; Wang, et al., 2011). Between each professional development day,
teachers met four times in professional learning communities organized by school teams
to reflect on previous training sessions and to plan how they would execute the integrated
STEM activities (Roehrig, et al.). Though K–12 STEM teachers are participating in
many professional development programs across the country, some possible differences
in study results of integrated STEM education could be influenced by the difference in
teacher preparation (Valtorta & Berland, 2015).
TRAILS professional development aims to equip teachers with both content and
pedagogical content and context knowledge to implement integrated STEM lessons.
Though teachers will experience an exemplar lesson and develop some of their own
lessons during the two-week summer professional development workshop, online
resources, a community of practice, on-going follow-up and support during the school
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year will also be critical to teacher growth and student academic achievement. Research
has revealed that professional development which is sustained and job-embedded
focusing on developing teacher content and pedagogical knowledge, is critical for
improving instruction and student achievement, the ultimate aim (Althauser, 2015).
2.8 Summary
Our world and nation’s economy have become ever increasingly dependent upon
workers in STEM careers, especially technology and a workforce that can continue to
engineer it. STEM jobs are forecast to grow at a much greater pace in the United States
than non-STEM jobs in the next decade (Langdon, et al., 2011). An ample supply of
well-trained scientists, technologists, engineers and mathematicians is essential for the
future of the United States and it remaining a prosperous and innovative society in a
globally competitive market. At the core of this workforce is an excellent education
system to fill the necessary supply chain of talented and trained individuals. A well
developed and implemented integrated STEM education program could help grow the
flow of academically equipped students into STEM fields.
Researchers emphasize the need for further investigation, development of precollege engineering and integrated STEM practices and standards, more teacher
professional development for STEM education, and additional pre-college curriculum
formation that explicitly teaches math and science concepts using the engineering design
process (Brophy, et al., 2008; Capobianco & Rupp, 2014; Chiu, et al., 2013). Teacher
self-efficacy to instruct STEM subjects and teacher training with support plays a critical
role in successful STEM integration and student academic achievement. Future studies
should carefully document in more detail the curriculum, program, and type of
interventions used (NAE & NRC, 2014).
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CHAPTER 3. METHODOLOGY

3.1 Introduction
An integrated STEM education professional development institute was conducted
at a rural site of the local community college. A cohort of STEM education teachers
participated in a ten-day professional development summer workshop with follow-up
activities during the academic year. High school STEM education teachers participated
from around the central and northern part of the state. This setting provided an
educational context where teachers could potentially feel comfortable sharing their ideas
and thoughts honestly. A large comfortable classroom with moveable tables and chairs,
instructor computers and projectors, and internet access for laptops was utilized for the
professional development. A science lab also provided a venue for practicing science
activities, observations, and experiments. A computer lab allowed for teacher practice
and activities using parametric modeling and 3D printing technology. Teachers
participated in small group work at several intervals in the classroom and labs, as well as
large group instruction.
In the TRAILS professional development workshop, a model for integrated
STEM education was utilized to help teachers understand how to integrate STEM
subjects. Teachers could see specifically how the integrated STEM model is applied as
students in a model STEM lesson. This model incorporates various learning and
pedagogical approaches such as scientific inquiry, engineering design, project based
instruction, and cooperative learning in a situated learning context. A common idea at
the center of the curriculum helped to integrate the four STEM subjects and provide a
connection and authentic context between them. In this study, data were gathered on
teacher self-efficacy and beliefs to teach STEM subjects, teacher outcome expectancy
beliefs, and teacher awareness of STEM careers before and after the TRAILS
professional development institute for the both the experimental group in attendance and
the untreated comparison group. The following research questions are the focus of this
study:
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1. Does teacher self-efficacy and confidence to teach a STEM subject increase with
participation in the TRAILS professional development and after implementation
of integrated STEM lessons?
2. Does the degree of beliefs about teaching outcome expectancy (impact of teacher
actions on student learning) increase with participation in the TRAILS
professional development and after implementation of integrated STEM lessons?
3. Does the teacher awareness about STEM careers and resources increase with
participation in the TRAILS professional development and after implementation
of integrated STEM lessons?
3.2 Research Design
This research design employed a quasi-experimental nonequivalent comparison
group design which utilized a treatment group attending professional development, and a
comparison group with no treatment, that implemented both pretest and posttest
assessments on non-randomized participants (Ary, Jacobs, Sorensen, & Walker, 2009;
Creswell, 2009; Shadish, Cook, & Campbell, 2002). In this research design two groups
of participants were selected from applicants to the TRAILS program. Most of the
applicants that could attend the professional development institute in June 2016 and met
the required criteria were selected for the experimental treatment group. Other applicants
that could not attend the professional development institute in June 2016, but met the
required criteria were invited to join the comparison group. The applicants considered
for the comparison group mentioned a variety of reasons for conflicts with the
professional development time including PLTW training, family situations, the lack of a
committed partner teacher, and others. The comparison group teachers are encouraged to
attend the professional development the following year as a participant in the next
experimental group as a treatment in waiting. TRAILS required participants to be
currently teaching high school biology or physics, or teaching technology, either Project
Lead the Way courses, or technology education courses that utilize parametric modeling
software and 3D printing technology. The participants were also carefully chosen to
balance teacher groups between science and technology teachers, to match similar
courses, and to compare similar types of schools, which varied from very rural to urban.
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All participants took pre and posttest assessments. One group participated in the
experimental (treatment) group which included attendance at the TRAILS professional
development institute in June 2016. See Appendix A for a schedule of the sessions and
activities implemented in the professional development institute. The other group did not
attend the professional development, providing a comparison or control group. This
research approach was not a true experimental design since the participants were not
from a random sample but selected from the applicants (Creswell, 2009). However, this
approach to selecting participants provided a similar comparison group in terms of
interest and experience in STEM education and allowed for a similar balance of teachers
in subject areas.
All participant STEM teachers in both groups were given a pretest (T1) prior to
the TRAILS summer professional development workshop. The same participants then
took the same assessment for a posttest (T2), after the completion of the TRAILS
summer professional development workshop, and then again later (delayed posttest, T3)
during the school year after implementation of the integrated STEM lessons to measure
changes after lesson implementation (See Figure 1). Other studies utilizing a delayed
posttest have found mixed results, including lower lasting effects in knowledge retention,
conceptual changes, self-efficacy and other constructs measured two to three months after
the treatment when compared to the initial posttest (Dalston & Turner, 2011; Franke &
Bogner, 2011). This study implemented the delayed posttest design to measure if there
are variations in teacher self-efficacy, teaching outcome expectancy, and STEM career
awareness after teachers implemented integrated STEM lessons during the school year.
Ultimately an increase in measurement of these constructs over time after implementation
of the TRAILS lessons from the professional development institute would provide
valuable insight into the effectiveness of this integrated STEM program and approach.
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Experimental (Treatment) Group - TRAILS Professional Development & Lesson
Implementation
Teacher
Pretest
(T1)

TRAILS
PD

Teacher
Posttest
(T2)

Lessons
Implemented

Teacher
Delayed
Posttest
(T3)

Comparison (Control) Group

Teacher
Pretest
(T1)

Teacher
Posttest
(T2)

Teacher
Delayed
Posttest
(T3)

Figure 1 Quasi-Experimental Research Design
The independent variable of primary interest in this research encompassed the
teacher professional development institute and ongoing professional support for teachers
in a community of practice, provided for the experimental group. The measures used to
analyze the impact of the teacher professional development included the Likert scores
from the T-STEM survey measuring teacher attitudes on teaching self-efficacy and
outcome expectancy and STEM career awareness. The Likert scores are the values then
used in the ordinal regression models to analyze the impact of the dependent variables.
Independent variables used in ordinal regression analysis included group (comparison or
experimental-teachers receiving professional development), and teacher subject area
(science or technology teacher). Teacher self-efficacy is strongly connected with teacher
content knowledge and studies have correlated more teacher education in their content
area with higher teaching self-efficacy in that subject (Moriarty, 2014; Nadelson, et al.,
2012). Also Bandura (1986) proposed that one’s prior experience in a particular area was
one of the main influences on self-efficacy. Therefore teaching experience may impact
teaching self-efficacy, especially a teacher’s view of their performance teaching
(Moriarty, 2014).
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The dependent variables measured on the pretest and posttest survey instruments
for this study include teacher self-efficacy, teaching out expectancy, and awareness of
STEM careers. The variables, research questions, and survey items are noted in Table 1.
Table 1 Variables, Research Questions, and Survey Items for Measurement
Survey Items

Variable

Research Question

Group (Comparison,
Experimental Professional
Development), Subject
(Science or Technology)

Independent variables

Dependent Variable:
Teacher Self-efficacy

Does teacher self-efficacy
and confidence to teach a
STEM subject increase
with participation in the
TRAILS professional
development and after
implementation of
integrated STEM lessons?

STEM Teaching Efficacy
and Beliefs Section,
Statements 1-11

Dependent Variable:
Teaching Outcome
Expectancy

Does the degree of beliefs
about teaching outcome
expectancy (impact of
teacher actions on student
learning) increase with
participation in the
TRAILS professional
development and after
implementation of
integrated STEM lessons?

T-STEM Teaching
Outcome Beliefs Section,
Statements 1-9

Dependent Variable:
STEM Career Awareness

Does the awareness of
teachers about STEM
careers and resources
increase with participation
in the TRAILS
professional development
and after implementation
of integrated STEM
lessons?

T-STEM, STEM Career
Awareness Section,
Statements 1-4
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Threats to internal and external validity may compromise the findings in this
research study, since the participants are not randomly selected in this quasi-experimental
design, which is a limitation in this type of research (Creswell, 2009). However, using
pretests, posttests, and a delayed posttest several months later may help decrease this
threat as well as measure the level of equivalency of the members of the experimental
and comparison groups. Though the results may not be generalizable to all teachers, this
research is valuable for measuring the effectiveness of this professional development and
documenting the implementation of this approach to integrated STEM education,
especially for those teachers interested in teaching an integrated STEM curriculum.
3.3 Survey Instruments
The T-STEM Survey (The Friday Institute for Educational Innovation, 2012a) for
teachers in their respective STEM subject area were used for the pretest and posttest
assessments. Science teachers took the T-STEM Survey for Science Teachers (Appendix
B) and technology teachers completed the T-STEM Survey for Technology Teachers
(Appendix C). The T-STEM Survey is created to measure teachers’ confidence and selfefficacy in teaching STEM subjects, teacher outcome expectancy beliefs, and awareness
of STEM careers, as well as additional constructs beyond the scope of this study.
The survey instruments also asked the participants basic demographical
information including their gender, ethnicity, the number of years teaching science or
technology courses, their educational background and degree attainment, if teaching is a
second career, and what grades they teach. Items concerning self-efficacy in teaching
STEM subjects and outcome expectancy beliefs use a Likert-type scale on the T-STEM
with 1 being “Strongly Disagree,” 2 “Disagree,” 3 “Neither Agree Nor Disagree,” 4
“Disagree,” and 5 being “Strong Agree” (The Friday Institute for Educational Innovation,
2012a; Sekaran & Bougie, 2009). The complete survey employs 83 Likert-scale
questions. The Likert-type scale has been used often in measuring beliefs in educational
related studies and other research (Nathan, Tran, Atwood, Prevost, & Phelps, 2010).
Since this data is self-reported, bias may exist among the respondents (Sekaran &
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Bougie, 2009). Higher scores are associated with stronger positive beliefs and attitudes
toward STEM teaching.
A North Carolina State University National Science Foundation (NSF) funded
project, developed the Teacher Attitudes toward STEM Survey (T-STEM) as part of
Maximizing the Impact of STEM Outreach (Friday Institute for Educational Innovation,
2012c). The intent of the survey is help inform programs in STEM about their
effectiveness. This instrument measures several constructs on nine subscales including
teacher confidence and efficacy toward STEM, the degree to which teachers believe
student learning might be increased by effective teaching, teacher attitudes about 21st
century skills, teacher use of STEM instructional practices, awareness of STEM careers,
and student technology use (Friday Institute for Educational Innovation, 2012a). See
Table 2 for a summary of the subscales in the T-STEM survey for the Science and
Technology Teacher versions. Though the entire T-STEM survey will be completed by
the Participant teachers for the TRAILS project, this study will focus on the constructs
for teaching efficacy and beliefs (11 items), teaching outcome expectancy (9 items), and
STEM career awareness (4 items), shown in Table 2. The Personal Teaching Efficacy
and Beliefs, and the Teaching Outcome Expectancy Beliefs construct sections, are based
upon the widely-used Science Teaching Efficacy Belief Instrument (STEBI) created by
Riggs and Enochs (1990), providing a strong foundation for construct validity in addition
to review by experts in the field (Friday Institute for Educational Innovation, 2012c).
The T-STEM instrument consists of five different forms, one for each of the subject areas
in STEM: the T-STEM Science Teacher, T-STEM Technology Teacher, T-STEM
Engineering Teacher, and T-STEM Mathematics Teacher, and one version for elementary
teachers. Surveys were piloted to investigate the validity and reliability, with edits being
made from results of exploratory factor analysis. For all constructs on the survey,
researchers calculated Cronbach’s alpha shown in Table 3 (Friday Institute for
Educational Innovation, T-STEM Survey, 2012c) and data from a similar version of the
T-STEM resulted in an overall Cronbach’s alpha of 0.95, which indicates the survey has
good internal reliability (Caliendo, 2015; Tavakol & Dennick, 2011). Permission was
obtained (see Appendix D) for using the T-STEM survey instruments (T. Collins,
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Table 2 T-STEM Survey Subscale Summary (T-STEM Science & T-STEM Technology)
Subscale

Measurement Application

Science (T-STEM Science) or Technology Belief in science or technology teaching
(T-STEM Technology) teaching efficacy
ability (Teacher Self Efficacy)
and beliefs
Science or Technology teaching outcome
expectancy

Belief in the extent to which effective
teaching affects student learning in science
or technology (Teaching Outcome
Expectancy)

Student technology use

Frequency of student technology use during
instruction*

STEM instruction

How often the respondent uses certain
STEM instructional practices*

21st century learning attitudes

Attitudes toward 21st century skills
learning*

Teacher leadership attitudes

attitudes toward teacher leadership
activities*

STEM career awareness

awareness of STEM careers and where to
find resources for further information

Note: * denotes constructs not related to research questions in this study but part
of the data collection for the TRAILS project goals. Adapted from Teacher Efficacy and
Attitudes toward STEM (T-STEM) Survey: Development and Psychometric Properties.
(Friday Institute for Educational Innovation, 2012c; Caliendo, 2015).
personal communication, March 26, 2014) and the survey states on it in the introduction
that it can be used freely for educational purposes.
Though additional data is being collected on the T-STEM for Technology to
calculate a more robust Cronbach’s Alpha for some constructs of the survey shown in
Table 3, it is identical to the T-STEM for Science except for the subject identifier
“science” being replaced with “technology”. Therefore, it is assumed that the
Technology version of the T-STEM has very similar internal reliability to the T-STEM
for Science. Using exploratory factor analysis, the various T-STEM survey versions
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Table 3 T-STEM Survey Reliability

Subscale

Number
of Items

Cronbach’s Alpha
Science Technology Engineering Math
(n=154) (n=59)
(n=9)
(n=102)

Personal
teaching
efficacy and
beliefs

11

0.91

N/A

N/A

0.94

0.91*
0.94**

Teaching
outcome
expectancy
and beliefs

9

0.81

N/A

N/A

0.85

0.85*
0.90**

Student
technology
use

8

0.90

N/A

N/A

0.87

0.94

STEM
instruction

14

0.93

N/A

N/A

0.93

0.95

21st century
learning
attitudes

11

0.95

0.95

0.95

0.95

0.95

Teacher
leadership
attitudes

6

0.87

0.87

0.87

0.87

0.87

STEM career 4
awareness

0.95

0.95

0.95

0.95

0.95

Elementary
(n=228)

Note: * denotes science, ** denotes math, N/A denotes value not reported due
to small sample size. Adapted from Teacher Efficacy and Attitudes toward STEM (TSTEM) Survey: Development and Psychometric Properties. (Friday Institute for
Educational Innovation, 2012c; Caliendo, 2015).
were evaluated and resulted in significant loadings. Factor analysis and reliability levels
will be performed again when more data is collected by the Friday Institute (Unfried, A.,
Faber, M., Townsend, L., & Corn, J., 2014).
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3.4 Participants
The participants included rural, suburban, and a few urban high school STEM
teachers from science and technology. Preferably, teacher participants had at least two
years of teaching experience in their current location primarily in one of the STEM
subjects. This provides teachers with teaching experience and relationships with other
teachers at their school to collaborate on an integrated model. Ideally, two teachers from
each high school attend the professional development institute as a pair to provide
opportunities for group work and discussion of implementation in their specific high
school context. However in reality this did not work for all teachers and schools.
Teachers who were unable to attend with a partner teacher from their school were paired
with another teacher to team a science and technology teacher. A representative sample
of teacher and school demographics would be optimal including a diversity of age,
experience, ethnicity, and gender, though this was limited by the teachers who were
interested and available to participate in the study.
Potential participants applied online and were reviewed and selected by the
TRAILS project leadership team if they met the necessary requirements and space still
remained. Participants had to be high school science (biology or physics) or technology
teachers who had taught for at least two years, and preference was given those teachers
participating as a team. Technology education teachers also had to have experience with
parametric modeling and access to 3D printing equipment. Teachers who inquired about
participating in the TRAILS professional development workshop (the treatment) but were
unable to attend the session in the summer of 2016, were recruited to participate in the
comparison group, and asked to consider participating in the second cohort of teacher
professional development in June 2017 as a treatment in waiting. The comparison group
teachers were also carefully matched with the experimental group teachers by similar
courses and school settings as much as possible. This helped to obtain similar treatment
and comparison groups for the research design since they are self-selecting and nonrandom.
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3.5 Procedure and Data Collection
The T-STEM survey was given as a pretest and posttest via an online surveying
system, Qualtrics, at the start and ending of the TRAILS professional development
institute, and as a delayed posttest after lesson implementation during the school year.
Since other data was collected for the TRAILS project during lesson implementation,
teachers were asked and sent an online link to complete the delayed posttest after
integrated STEM lesson implementation. Survey timing was coordinated as much as
possible within the treatment and comparison groups where similar courses and schools
were initially matched in the comparison group selection. Participants were instructed to
enter a given code on both the pretest and posttests to link them for data analysis and
maintain confidentiality.
Since this research used human subjects, approval from the Institutional Research
Board (IRB) was approved from both higher educational institutions involved in the
study (see Appendix D), which was obtained through the TRAILS project when the NSF
ITEST grant was approved. There is little expected threat to the welfare or
confidentiality of those that volunteer to complete the questionnaires. Participants
received stipends in installments for their participation in both the treatment and
comparison groups in the TRAILS project. The stipends depended upon their attendance
at the professional development institute and completing implementation of lessons for
the treatment group, as well as data collection for all participants. This helped to
encourage the participants to complete the online pretest and posttest surveys. Letters
were sent to experimental and comparison group teachers (see Appendix F and G) to
explain the data collection process before sending links electronically to take the online
surveys. Reminders to complete the surveys were sent a second and third time if
necessary approximately seven days and fourteen days after the initial survey link was
emailed. A few participants had to be followed up with again to encourage them to
complete the surveys. See Table 6 for participant completion of surveys in the next
chapter.
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3.6 Data Analysis
A statistical analysis was done with the quantitative data to determine if there
were significant effects of the TRAILS professional development on teacher self-efficacy
in teaching their STEM subject, outcome expectancy beliefs about their actions impacting
student learning, and awareness of STEM careers. Furthermore, effect size measures
were calculated to determine the magnitude of the effect for the significant differences.
Previous studies using the T-STEM and other self-efficacy instruments with Likert scales
were often analyzed using paired-samples t-tests to investigate if there were significant
differences in measuring these constructs as a result of the teacher professional
development institute and lesson implementation (Althauser, 2015; Creswell, 2009;
Friday Institute for Educational Innovation, 2012c; Nadelson, et al., 2012). Nadelson, et
al. and The Friday Institute for Educational Innovation (2012c) calculated mean scores
from Likert-type scale data and used t-tests with their pretest and posttest data to detect if
there were significant differences in scores.
However, this study used a different approach to detecting significant differences.
Since the Likert-type scores are ordinal data that are not on an interval scale, a type of
regression designed for ordinal data was used for determining significant effects of
independent variables on the dependent variable measured on a Likert scale. Descriptive
statistics for individual items and constructs are calculated for Likert scores including the
minimum, first quartile, median, third quartile, and maximum values. Mangiafico (2016)
noted that Likert data is often treated as interval or ratio data in statistical analysis, but
should be treated as ordinal data. He emphasized that Likert data is not equally spaced.
For instance, the distance between a 1 (“strongly disagree”) and 2 (“disagree”) is not
necessarily the same as the distance between a 4 (“agree”) and 5 (“strongly agree”).
Likert data is also not continuous and is constrained on either end. For instance, there is
no value less than 1. Therefore, Mangiafico highly recommended ordinal regression,
sometimes referred to as a proportional odds model, as the best tool for analyzing Likert
data as a dependent variable. He noted that in the statistical software environment R (R
Core Team, 2016), the ordinal package is a flexible and a powerful framework for such
analysis (Mangiafico, 2016). For these reasons, statistical analysis was done using
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cumulative link models (CLM) in the R software environment to detect significant
differences in Likert scores for each construct.
3.6.1 Cumulative Link Models
A cumulative link model (CLM), or more specifically in this context for matched
pairs, the CLMM (cumulative link mixed model in the R ordinal package) function was
used for determining significant effects (Mangiafico, 2016). The CLMM function can
model for repeated measures on a participant, such as in this case where measures are
taken at three points in time (pretest, posttest, & delayed posttest). However, it is
difficult to test for significant differences modeling outcomes at three time points in two
different groups in this case. Furthermore, it may not be clear where the significant
differences occur exactly. Therefore, to test for significant differences in groups
(comparison and experimental) and measurement times (T1, T2, & T3), the pretest and
posttest ordinal regression models were compared using an ANOVA test (Mangiafico,
2016). Then, the posttest and delayed posttest, and finally the pretest and delayed
posttest were compared in the same way. Christensen (2015) noted that “Cumulative link
models are a powerful model class for such data since observations are treated rightfully
as categorical, the ordered nature is exploited and the flexible regression framework
allows in-depth analyses” (p. 3). In reference specifically to the CLMM function,
Mangiafico stated that the “two-sample paired ordinal test with a cumulative link model
is analogous to the two-sample paired rank-sum test” (p. 267) and that the CLMM
function stipulates a mixed effects model. For paired and repeated measures types of
analysis, this model is appropriate (Magniafico, 2016). Therefore tests for significant
differences of Likert survey scores in the experiment and control groups between the
pretest and posttest surveys (T1, T2, & T3) were analyzed using the CLMM function in R
(The R Core Team, 2016).
In determining if there is a significant difference in scores, an alpha level of 0.05
(or 5%) is commonly used in educational and social science studies. To obtain a
sufficient power of at least 0.80, considered desirable in a study such as this (Cohen,
2007), a medium to large effect size is necessary (Cohen, 2007). The CLMM function
used for analysis was recommended by the Purdue Statistical Consulting Service (H.
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Ibriga, personal communication, October 5, 2016) and provides a powerful test using
matched data pairs in an ordinal regression model. Estimating the coefficient of
determination verses sample size using R, shows a coefficient of determination of 0.40
for a sample size of 12 (see Appendix H) for regression analyses (J. Holland, personal
communication, April 27, 2016) which is rather low to medium in size. Having a small
sample size and low power could possibly result in not detecting a significant effect when
one may in fact exist. However, using ordinal regression modeling which pairs scores for
participants across assessment times like the CLMM function in the R environment
provides a powerful test for detecting significant effects, and did not appear to be a
problem in this study. Ordinal regression models such as the CLMM function may
provide insight into what other factors could be influencing measured changes since
multiple independent variables can be introduced into the analysis, such as teacher
subject area. Though effect sizes in the range of 0.2 to 0.3 are common in behavioral and
psychological science students, larger effect sizes do occur.
In a study with pre-service elementary teachers participating in a 90-hour clinical
experience, data was collected using a pretest at the start of the semester and posttest at
the end (Caliendo, 2015). One of the survey instruments utilized in the study included
the T-STEM for elementary teachers. This elementary teacher survey is slightly different
than the T-STEM for high school teachers but nearly the same for the constructs of
science teaching self-efficacy, science teaching outcome expectancy, and stem career
awareness, investigated in this study. The results from posttest scores for the
experimental and comparison groups showed little effect on self-efficacy for science
teaching based on calculations from the reported data, a small effect on science teaching
outcome expectancy, and a medium effect on STEM career awareness (Caliendo, 2015).
Ideally a larger sample-size would be used to increase statistical power. The TRAILS
teacher professional development institute was limited to a maximum of fifteen
participants due to limitations in the project design and in funding for teacher stipends,
while the comparison group was limited to ten teachers. Future teacher cohorts involved
in the TRAILS project will provide a larger sample size but are beyond the scope and
timing of this study.
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3.6.2 CLMM Regression Model and Statistical Testing
The null hypothesis states there is no significant difference in the experimental
group in self-efficacy of teachers to teach STEM subjects, their outcome expectancy
beliefs, or awareness of STEM careers when participating in the TRAILS professional
development institute (the treatment), and after lesson implementation. The alternative
hypothesis then would state there is a significant effect or difference. If increased
significant differences are measured in these constructs in the experimental group, this
would be interpreted as a successful outcome of the teacher professional development
institute, since these constructs are important influences on student learning STEM
subjects and interest in STEM careers.
A simple summary of the regression model would look like this:
Likert Scores = 𝜃 + 𝛽1 ∙ 𝐺𝑟𝑜𝑢𝑝 + 𝛽2 ∙ 𝑇𝑖𝑚𝑒 + 𝛽3 ∙ 𝑇𝑖𝑚𝑒 ∙ 𝐺𝑟𝑜𝑢𝑝
Where 𝜃𝑗 represents the threshold values for the baseline group, such as the
comparison group in the pretest in this case. 𝛽1 , 𝛽2 , 𝑎𝑛𝑑 𝛽3 represent the threshold
estimates of the coefficients of the independent variables of Time (pretest or posttest),
Group (comparison or experimental) and the interaction term of Time and Group. All of
the terms 𝜃𝑗 + 𝛽1 + 𝛽2 + 𝛽3 represent the threshold estimates for the experimental group
posttest. The ordinal regression equation representing the cumulative link mixed model
would then be:
log (

𝑝(𝑠𝑐𝑜𝑟𝑒 ≤ 𝑗)
) = 𝜃𝑗 + 𝛽1 ∙ 𝐺𝑟𝑜𝑢𝑝 + 𝛽2 ∙ 𝑇𝑖𝑚𝑒 + 𝛽3 ∙ 𝑇𝑖𝑚𝑒 ∙ 𝐺𝑟𝑜𝑢𝑝 + (1|𝑇𝑒𝑎𝑐ℎ𝑒𝑟),
𝑝(𝑠𝑐𝑜𝑟𝑒 ≥ 𝑗 + 1)

where 𝑝(𝑠𝑐𝑜𝑟𝑒 ≤ 𝑗) represents the probability of a score being less or equal to 𝑗. The
CLMM model is estimating the cumulative likelihood (probability) ratio of a Likert Score
being 1 to 5 in this case, where Group represents the comparison (value = 0) or
experimental (value = 1) and Time represents the pretest (value = 0) or posttest (value =
1), depending upon the times compared (pretest, posttest, or delayed posttest). The
coefficient estimates would then be noted by:
𝜃𝑗 represents the threshold values for the comparison group teacher in the pretest.
𝜃𝑗 + 𝛽2 represents the threshold estimates for the comparison group in posttest.
𝜃𝑗 + 𝛽1 represents the threshold estimates for the experimental group in pretest.
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𝜃𝑗 + 𝛽1 + 𝛽2 + 𝛽3 represents the threshold estimates for the experimental group
in posttest.
The term "(1|Teacher)” simply indicates the model matches the teacher pretest and
posttest scores when using the CLMM function in R. Modifications of this model are
also used in the analysis to consider other independent variables such as teacher subject
(science or technology), to determine significant effects and calculate p-values (H. Ibriga,
personal communication, December 2, 2016; Mangiafico, 2016).
To test a hypothesis, a significant difference in the ratio of probability of Likert
scores (also known as a proportional odds model) would need to be calculated. Using the
CLMM model equation above (CLMM model 1), the coefficient estimates are used to test
for a difference between the pretest and posttest probabilities of scores of a group. The
null and alternative hypothesis for the comparison group are as follows:
𝐻0 : 𝜃𝑗 = (𝜃𝑗 + 𝛽2 )
𝐻1 : 𝜃𝑗 ≠ (𝜃𝑗 + 𝛽2 )
which is equivalent to testing
𝐻0 : 𝛽2 = 0
𝐻1 : 𝛽2 ≠ 0.
In checking for a significant difference in the comparison group, the significance
of the coefficient estimates in the model for 𝛽2 can be checked in the summary of the
output from R for the model. If 𝛽2 is significant (alpha level = 0.05), then a significant
difference in the comparison group is detected.
To check the null and alternative hypothesis for the experimental group, the
following are used:
𝐻0 : (𝜃𝑗 + 𝛽1 ) = (𝜃𝑗 + 𝛽1 + 𝛽2 + 𝛽3 )
𝐻1 : (𝜃𝑗 + 𝛽1 ) ≠ (𝜃𝑗 + 𝛽1 + 𝛽2 + 𝛽3 )
which is equivalent to testing
𝐻𝑜 : 𝛽2 + 𝛽3 = 0
𝐻1 : 𝛽2 + 𝛽3 ≠ 0
To test for a significant difference amid the pretest and posttest scores of the
experimental group, an Analysis of Variance (ANOVA) is done with the CLMM model
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above (CLMM model 1) and the CLMM model below (CLMM model 2) which only
includes the terms that estimate values for the pretest scores likelihood ratio without the
terms including time:
log (

𝑝(𝑠𝑐𝑜𝑟𝑒 ≤ 𝑗)
) = 𝜃𝑗 + 𝛽1 ∙ 𝐺𝑟𝑜𝑢𝑝 + (1|𝑇𝑒𝑎𝑐ℎ𝑒𝑟),
𝑝(𝑠𝑐𝑜𝑟𝑒 ≥ 𝑗 + 1)

The R syntax “anova (CLMM model2, CLMM model 1)” tests exactly whether the
coefficients 𝛽2 and 𝛽3 in CLMM model 1 are significantly different from zero or not.
The output of the R function anova is an F ratio and associated p-value which is used to
test for a significant difference in the ratios of variances of the two models. See
appendix I for a sample of R code used. Modifications to this code were made to test
various groups and constructs. The same approach can also be used to compare posttest
and delayed posttest scores, where the posttest is used as the baseline like the pretest
above, and then compared to the delayed posttest in place of the posttest scores above (H.
Ibriga, personal communication, December 2, 2016; Mangiafico, 2016). Therefore in
testing for significant differences between measure times, pretest T1 and posttest T2 are
evaluated for significant differences, then posttest T2 and delayed posttest T3, and
finally, pretest T1 and delayed posttest T3 are compared. However, this last comparison
of T1 and T3 does not reveal whether a significant change in construct scores occurred
before or after T2 or possibly both, and hence may be a less valuable test for insights into
the timing of significant effects.
At this time, no tests for evaluating the integrity of CLMM function were found to
verify the validity of the ordinal regression models. Though there are some tests to verify
the validity of the CLM function, they do not apply directly to the CLMM function. A
similar but modified CLM function may be defined and tested, but the results may not be
conclusive (Mangiafico, 2016). The R software package does give a warning if model
results fail to converge over a large number of iterations (an infinite loop error) in
estimating model coefficients which indicates an invalid model. The models did
converge in this analysis.
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3.6.3 Effect Size Measure Using Cliff’s Delta
While statistical significance is important for hypothesis testing, the magnitude of
an effect is not always clearly understood by p-values. Effect size measures can be
valuable to understand the magnitude of a difference between groups (Coe, 2002).
Traditionally the effect size measure, Cohen’s d, has been calculated in behavior sciences
and education studies as a measure of the magnitude of a significant effect. However,
Cohen’s d is more appropriate for data that is normal and homogenous in variance
(Macbeth, Razumiejczyk, & Ledesma, 2010). Other measures like Cliff’s Delta were
developed specifically for non-normal and asymmetric distributions, and provide a more
powerful effect size measure than Cohen’s d for this type of data. Cliff’s Delta is
recommended for analysis of Likert scale data, which is not continuous but ordinal in
nature, and considers the overlap between two group distributions (Macbeth,
Razumiejczyk, & Ledesma, 2010). The effect size is calculated in the R software
environment using Cliff’s Delta included in the effsize R package, for the constructs
measured in this study (The R Core Team, 2016).
3.7 Summary
In this research, data was gathered at the beginning and ending of the TRAILS
professional development institute, and later during the school year after lesson
implementation. Constructs were measured on teacher self-efficacy and beliefs to teach
STEM subjects, teaching outcome expectancy beliefs, and teacher awareness of STEM
careers. The teachers in both the treatment and comparison groups were assessed in these
constructs using the T-STEM Survey (The Friday Institute for Educational Innovation,
2012a) for teachers in their respective STEM subject of practice. The T-STEM survey is
designed to measure several constructs including teachers’ confidence and self-efficacy
in teaching STEM subjects, teacher outcome expectancy beliefs, and awareness of STEM
careers. The data was statistically analyzed to see if there are significant effects of the
independent variables on the measures of these constructs as an outcome of the TRAILS
summer professional development institute in addition to support and lesson
implementation during the school year. If statistical significant differences are found in
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teacher self-efficacy to teach STEM, outcome expectancy beliefs, and STEM career
awareness, the professional development could positively impact STEM student learning
and interest in STEM careers. However, since many factors influence student learning
and achievement, positive impact on student learning is not necessarily the outcome that
will result from the positive impact on the teachers and is beyond the scope of this study.
Student learning and interest in STEM careers is one of the overarching goals of the
TRAILS project which this research helps to evaluate and inform.
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CHAPTER 4. FINDINGS

4.1 Introduction
In this research, data were collected using the T-STEM Survey through the
Qualtrics platform at the beginning and ending of the TRAILS professional development
institute, and later during the school year after lesson implementation. Constructs
measured in this study included teacher self-efficacy and beliefs to teach STEM subjects,
teaching outcome expectancy beliefs, and teacher awareness of STEM careers.
Significant differences were found in pretest, posttest, and delayed posttest Likert scale
scores from the T-STEM survey in both the comparison group and the experiment group
that participated in the TRAILS professional development. Significant differences were
detected in some of the comparison group data when separated by subject among the
science and technology (ETE) teachers. ETE teachers are referred to in the findings as
technology teachers as noted on the T-STEM Survey. Significant differences were found
among the teacher experimental group data in teaching self-efficacy and STEM career
awareness with a p-value of 0.001. Effect sizes calculated ranged from negligible to
medium in some cases, and to large in one group comparing pretest and posttest scores.
The experimental group was similar to the comparison group in the teacher participants
and pretest measurements in these constructs. One significant difference was detected in
STEM career awareness when comparing the pretests of the comparison group and
experimental group. No other significant differences were found in the pretest data.
4.2 Demographic Results
Table 4 below shows the teacher participant demographics by gender, ethnicity,
and subject area in the experimental and comparison groups. There is not much diversity
in teacher ethnicity, but a broad diversity of teacher age and teaching experience.
Females make up nearly a third of the participants. The teachers by subject area are
nearly balanced between science and technology teachers.
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Table 4 Participant Teacher Demographics
Participants

Gender

Ethnicity

Technology

Science

Years
Teaching*

Experimental 8 male
4 female

Caucasian
(100%)

6

6

14.3

Control

7 male
3 female

Caucasian
(100%)

6
(1 also Math)

4

10.6

Total

15 male
7 female

Caucasian
(100%)

12

10

12.6

*group mean of years of teaching experience as of June 2016

4.3 Summary of Responses
A cohort of twelve teachers participated in the TRAILS teacher professional
development institute in June 2016 shown in Table 5. The group was evenly split
between science (five biology and one physics teacher) and technology teachers, who
mostly taught PLTW courses. Table 5 shows the breakdown of the participant numbers
by subject and group. The comparison group of ten was also evenly split between
science and technology teachers as well. Participants took the T-STEM survey for their
appropriate subject in early June before the time of the TRAILS professional
development institute (pretest T1), after the professional development institute (posttest
Table 5 Participants by Group
Participants

Experimental Group

Comparison Group*

Science Teachers

6

5*

Technology Teachers

6

5*

Total

12

10

*Note that some scores are missing from two of the comparison group participants. One
teacher did not complete half of the posttest, while another teacher did not take the
delayed posttest.
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T2), and later during the school year (late January to mid-February 2017) after most
lesson implementation was completed (delayed posttest T3). The summary of survey
completion can be seen in Table 6 (see Appendix J for tables of the actual data).
Table 6 Participant Survey Completion
Participants

T1 (Pretest)

T2 (Posttest)

T3 (Delayed
Posttest)

Experimental

12

12

12

Comparison

10

10*

9

Total

22 (100%)

22 (100%)*

21 (95%)

*one survey was partially completed–data for the career awareness subscale is missing

In Table 7, descriptive ordinal statistics are given for each construct which is a
summary of multiple survey items for the participants broken down by experimental and
comparison groups for each assessment T1, T2, and T3. The median Likert scores for the
experimental and comparison groups on the pretest (T1) were identical, indicating
somewhat similar groups for a baseline. The median Likert scores for posttest (T2) were
similar, though for Teacher Outcome Expectancy, the median score was one point higher
for the experimental group. For the delayed posttest (T3) the median score for Teaching
Self-Efficacy was one point higher at 5 for the experimental group. No changes were
seen in the median scores for the comparison groups across the three points in time for
the assessments.
Since each construct is measured on a group of items on the surveys, the Likert
scale scores are aggregated and displayed in histograms developed in the R software
environment to show the frequency of each Likert score (1 to 5) separated out by teacher
group (experimental or comparison), subject (technology or science), and assessment
time (pretest, posttest, and delayed posttest). Note that in all of these figures of
histograms, T1 is the pretest, T2 is the posttest, T3 is the delayed posttest. “Comparison”
is the Comparison Group not receiving professional development and support, and
“Experimental” denotes the Experimental Group receiving TRAILS professional
development and lesson implementation support in a community of practice.
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Table 7 Summary of Survey Constructs by Test and Group
Teaching
SelfEfficacy
11 items

Teacher
Outcome
Expectancy
9 items

STEM
Career
Awareness
4 items

Median
Minimum
Q1
Q3
Maximum

4
1
4
5
5

3
2
3
4
5

4
2
3
4
5

Comparison

Median
Minimum
Q1
Q3
Maximum

4
3
4
4
5

3
2
3
4
5

4
3
4
5
5

T2
Posttest

Experimental

Median
Minimum
Q1
Q3
Maximum

4
2
4
5
5

4
1
3
4
5

4
3
4
5
5

T2
Posttest

Comparison

Median
Minimum
Q1
Q3
Maximum

4
3
4
4
5

3
1
3
4
5

4
2
4
5
5

T3
Delayed
Posttest

Experimental

Median
Minimum
Q1
Q3
Maximum

5
3
4
5
5

4
1
3
4
4

4
3
4
4
5

T3
Delayed
Posttest

Comparison

Median
Minimum
Q1
Q3
Maximum

4
4
4
4
5

3
2
3
4
4

4
3
4
5
5

Time

Group

Statistic

T1
Pretest

Experimental

T1
Pretest
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4.3.1 Teaching Self-Efficacy Findings

Figure 2 Teacher Self-Efficacy Histograms of Likert Scores Separated by
Group and Time
Figure 2 shows the histograms of scores measuring teaching self-efficacy
separated by time and group. Note how there is a slight trend towards in category “4”
scores in the comparison group over time from the pretest to the delayed posttest. For the
experimental group, a trend in scores moving higher is seen from the pretest to the
posttest and increasing again to the delayed posttest. No significant difference was found
for the comparison group using ordinal regression modeling between the pretest and
posttests. See table 8 in the next section for a summary of significant differences. A
significant difference using an ANOVA test on the ordinal regression models found a pvalue of 0.001 between the pretest and posttest, and also a p-value of 0.001 between the
pretest and delayed posttest for teaching self-efficacy in the experimental group. No
significant difference was found among the posttest and delayed posttest for the
experimental group.
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Figure 3 Science Teacher Likert Score Histogram of Teaching SelfEfficacy by Group and Time
Figure 3 displays the Likert score frequencies separated by group and time but
only includes science teachers. There are slight changes in scores in the comparison
group trending down from the pretest to the posttest and then slightly upward for the
delayed posttest. Significant differences were found in the comparison group scores with
p-values of 0.01 from the pretest to the posttest, and posttest to delayed posttest. In the
experimental group, a shift in scores upward is seen from the pretest to the posttest, but
then a trend in Likert scores downward is seen from the posttest to the delayed posttest.
A significant difference with a p-value of 0.001 level was calculated for the experimental
group from the pretest to the posttest in the trend upward in scores. A p-value of 0.01
was found between the posttest and delayed posttest as scores trended downward for
teaching self-efficacy among science teachers. From the pretest to the delayed posttest,
there was a significant difference detected with a p-value of 0.001.
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Figure 4 Technology Teacher Likert Score Histogram of Teaching Self
Efficacy by Group and Time
Figure 4 shows the Likert score frequencies separated by group and time but only
includes the technology teachers. Note the shift in scores down in the comparison group
from the pretest to the posttest, and then to the delayed posttest. There was no significant
difference found in the comparison group among the pretest and posttest scores.
However, a significant difference with a p-value of 0.01 was calculated for the
comparison group of technology teachers between the posttest and delayed posttest, and a
significant difference with a p-value of 0.05 from the pretest to the delayed posttest as
scores appear to trend downward. In the experimental group, no significant difference
was found among technology teachers among the pretest and posttest measures, but a
significant difference with a p-value of 0.001 was discovered in the posttest and delayed
posttest scores as scores trended upward.
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4.3.2 Teaching Outcome Expectancy Beliefs Findings
Histograms were also created for teaching outcome expectancy. Figure 5
illustrates the frequency of Likert scores on the teaching outcome expectancy construct of
the T-STEM survey separated by group and time. Little change in scores is seen in the
comparison group of teachers which was confirmed by not detecting any significant
differences between assessment times. In the experiment group, it appears there is a
slight trend upward in Likert scores, especially among the score of “4” in the pretest to
the posttest and from the posttest to the delayed posttest. However, no significant
differences were found in teaching outcome expectancy for the experimental group
between the pretest and posttest Likert scores, and from the posttest to the delayed
posttest. However significant differences in scores are seen in individual subject groups
of science and technology teachers

Figure 5 Teacher Outcome Expectancy Histograms of Likert Scores
Separated by Group and Time

65

Figure 6 Science Teacher Likert Score Histogram of Teaching
Outcome Expectancy by Group and Time
Figure 6 illustrates the Likert score frequency for science teachers only separated
by group and time. Slight changes are observed in the comparison group, but no
significant differences were detected. Note the shift to higher scores from the pretest to
the posttest for science teachers in the experiment group, and a change towards the “4”
category in scores from the posttest to the delayed posttest. A significant difference with
a p-value of 0.001 was found in Likert scores in the experimental group from the pretest
to the posttest, but not from the posttest to the delayed posttest. A significant difference
with a p-value of 0.01 was detected from the pretest to the delayed posttest in the
experimental group.
Figure 7 shows the histograms for Likert scores of technology teachers separated
by group and time. Note there are slight changes in frequency score distributions in the
comparison group between assessment times, but no significant differences were
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Figure 7 Technology Teacher Likert Score Histogram of Teaching
Outcome Expectancy by Group and Time
detected. In the experimental group of technology teachers, it appears there is a slight
trend downward in Likert scale scores. No significant difference was found between the
pretest and posttest, but a significant difference with a p-value of 0.05 was detected
between the posttest and delayed posttest for technology teachers in the experimental
group. A summary of the significant differences in groups is displayed later in table 8.
4.3.3 STEM Career Awareness Findings
For STEM Career Awareness, histograms were similarly created for the
frequency of Likert scale scores separated out by group and time. In Figure 8, histograms
separated by group and time illustrate slight shifts in Likert score frequency distributions
for the comparison group among the pretest to the posttest and again in the posttest to the
delayed posttest. However, no significant differences were found among these
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Figure 8 Likert Score Histogram of Teacher STEM Career Awareness
by Group and Time
assessments for the entire group of comparison group teachers. In the experimental
group, an upward trend in Likert scale scores is observed from the pretest to the posttest,
and a significant difference was found with a p-value of 0.001. From the posttest to the
delayed posttest, conversely a slight downward shift in scores is seen, but no significant
difference was detected. A significant difference was found in STEM career awareness
in the experimental group from the pretest to the delayed posttest with a p-value of 0.001.
Interestingly, a p-value of 0.01 was determined when comparing the pretest comparison
group and pretest experimental group, revealing a significant difference initially in only
this construct of STEM career awareness.
Figure 9 displays histograms for science teachers separated by group and time. In
the comparison group, only a slight shift in the score frequencies is observed among the
pretest to posttest, and then in the posttest and delayed posttest. No significant
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Figure 9 Science Teacher Likert Score Histogram of Teacher STEM
Career Awareness by Group and Time
differences were found in the STEM career awareness comparison group data for the
science teachers. A significant trend upward in the Likert score frequencies was
observed in the experimental group among the pretest and the posttest, being significant
with a p-value of 0.001, clearly illustrated in figure 9. A shift downward in Likert scores
occurred in the posttest to the delayed posttest for science teachers, and was significant
with a p-value of 0.01. In the pretest to the delayed posttest, a significant difference with
a p-value of 0.001 was observed.
Figure 10 illustrates the frequencies of Likert scale scores for technology teachers
separated by group and time. Note in the comparison group of Technology teachers there
is a shift in scores upward from the pretest to the posttest and then downward from the
posttest to the delayed posttest. There was a significant difference found in the pretest
and posttest scores, and in the posttest and delayed posttest scores with a p-value of 0.05
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Figure 10 Technology Teacher Likert Score Histogram of Teacher STEM
Career Awareness by Group and Time
and 0.01 respectively for the comparison group of technology teachers. In the
experimental group, there was little change and no significant difference detected in the
Likert scores among the pretest and posttest. However, a significant difference was
found among the posttest and delayed posttest scores with a p-value of 0.05. The scores
shifted toward the “4” category in the Likert scores from both ends of the scale in the
experimental group of technology teachers in the posttest and delayed posttest. No
significant difference was calculated among the pretest and the delayed posttest scores in
the experimental group of technology teachers.
Though the results and significant differences found are somewhat mixed for the
various constructs and assessment times, the results appear more consistent when viewing
the groups as a whole. Only significant differences were found in the comparison group
of science teachers for teaching self-efficacy and in technology teachers for teaching selfefficacy and STEM career awareness. It can be insightful to drill down further into the
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subject areas of the teacher groups, but it also should be kept in mind that the sample size
becomes very small (4-6 teachers).
4.4 Significance of Results
Significant effects using ordinal regression analysis with the CLMM function in
R, were discovered in some pretest and posttest scores, posttest and delayed posttest
scores, and when comparing the pretest to the delayed posttest scores. Significant
differences can be tested for using the CLMM function for the comparison group as
explained earlier. Significant differences in the experimental group can be detected
through using ANOVA tests comparing cumulative link mixed models with and without
the independent variable of the time of the assessment as described in chapter three.
4.4.1 Comparison Group
In the comparison group of all teachers, no significant differences were
determined when comparing the pretest to the posttest or posttest to the delayed posttests.
Significant differences were calculated in the comparison group of science teachers in
teaching self-efficacy only with p-values of 0.01 as summarized in Table 8. Also,
significant differences for self-efficacy and STEM career awareness do appear in the
technology teacher comparison group data. A significant difference in teaching selfefficacy among technology teachers in the comparison group was found in comparing
posttest and delayed posttest scores with a p-value of 0.05 and when comparing the
pretest to the delayed posttest scores with a p-value of 0.01. Also for technology teachers
in the comparison group, significant differences were detected in STEM career awareness
comparing the pretest and posttest scores, and in comparing the posttest to the delayed
posttest scores, with p-values of 0.05 and 0.01 respectively, as shown in Table 8.
4.4.2 Experimental Group
In the experiment group that participated in the TRAILS professional
development institute, significant differences were found mostly in teaching self-efficacy
and STEM career awareness for all teachers, but not in the construct of teaching outcome
expectancy. For the Likert scale scores measuring teaching self-efficacy to teach STEM
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subjects, a significant difference with a p-value of 0.001 was found when comparing the
pretest to the posttest and a significant difference with a p-value of 0.001 when
comparing the pretest to the delayed posttest scores. Interestingly, no significant
differences were found in the experimental group of all teachers in teaching outcome
expectancy. However, this is not the case when separating out science and technology
teachers, discussed below. Significant differences were detected in the construct of
STEM career awareness when comparing the Likert scores of all the experimental group
teachers for the pretest and posttest with a p-value of 0.001, but not in comparing the
posttest to the delayed posttest scores. A significant difference with a p-value of 0.001
was found in comparing the pretest to the delayed posttest scores in the experimental
group for STEM career awareness, summarized in Table 8.
4.4.3 Science Teachers
In examining only the science teachers in the experimental group, significant
differences were detected in comparing all of the assessments in teaching self-efficacy.
A significant difference with a p-value of 0.001 resulted when comparing the pretest and
posttest scores, and in comparing the pretest and delayed posttest scores. A significant
difference with a p-value of 0.01 level was determined when comparing the posttest and
the delayed posttest scores.
When examining the assessment scores for the construct of teaching outcome
expectancy, a significant difference with a p-value of 0.001 was found for science
teachers in the pretest and the posttest. No significant difference was detected when
comparing the posttest and delayed posttest scores, but a significant difference was found
in the pretest and delayed posttest scores with a p-value of 0.01. For the construct of
STEM career awareness, a significant difference was detected with a p-value of 0.001 in
pretest and posttest scores, and in comparing the pretest and delayed posttest scores. A
significant difference with a p-value of 0.01 was observed for science teachers in the
posttest and delayed posttest scores, shown in Table 8.
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4.4.4 Technology Teachers
Results appear different for technology teachers in the experimental group. For
the construct of teaching self-efficacy, no significant difference was determined in the
pretest and posttest scores. However a significant difference with a p-value of 0.001 was
found in comparing Likert scores both on the posttest and delayed posttest, and in the
pretest and delayed posttest. For the construct of teaching outcome expectancy, no
significant difference was detected among the pretest and posttest scores, or the posttest
and delayed posttest assessments. A significant difference with a p-value of 0.05 was
detected in the pretest and delayed posttest scores. Finally in examining the assessment
scores for STEM career awareness, no significant difference was determined in the
pretest and posttest scores, or the pretest and delayed posttest scores. A significant
difference with a p-value of 0.05 level was found when analyzing the posttest and
delayed posttest scores for technology teachers in the experimental group as shown in
Table 8 on the next page.
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Table 8 Summary of Statistical Tests for Significant Differences
Construct
All
Teachers
SelfEfficacy
Outcome
Expectancy
STEM
Career
Awareness
Science
Teachers
SelfEfficacy
Outcome
Expectancy
STEM
Career
Awareness
Technology
Teachers
SelfEfficacy
Outcome
Expectancy

Assessment Times Compared
T1 & T2
Com

T2 & T3
Com

T1 & T3
Com

T1 & T2
Exp

T2 & T3
Exp

T1 & T3
Exp

-

-

-

0.001

-

0.001

-

-

-

-

-

-

-

-

-

0.001

-

0.001

T1 & T2
Com

T2 & T3
Com

T1 & T3
Com

T1 & T2
Exp

T2 & T3
Exp

T1 & T3
Exp

0.01

0.01

-

0.001

0.01

0.001

-

-

-

0.001

-

0.01

-

-

-

0.001

0.01

0.001

T1 & T2
Com

T2 & T3
Com

T1 & T3
Com

T1 & T2
Exp

T2 & T3
Exp

T1 & T3
Exp

-

0.01

0.05

-

0.001

0.001

-

-

-

-

-

0.05

STEM
Career
0.05
0.01
0.01
0.05
Awareness
Note: Com=Comparison Group, Exp=Experimental Group, T1=Pretest, T2=Posttest,
T3=Delayed Posttest, “-“ indicates no significant difference found at alpha =0.05. The
values in the table cells represent the p-values for the corresponding tests.
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4.5 Effect Size
Effect size was determined by using Cliff’s Delta, which is recommended for
non-normal and asymmetric distributions, and provides a more powerful effect size
measure than Cohen’s d especially with analysis of Likert scales (Macbeth,
Razumiejczyk, & Ledesma, 2011). All effect sizes were calculated using Cliff’s Delta
for the constructs measured on Likert scales where significant differences were observed
among the pretest and posttest, and the posttest and delayed posttest. Cliff’s Delta uses a
scale from negative one to positive one. The effect size results for the experimental
group are below in table 8. Effect size values and corresponding categories are
calculated in the R software environment.

Table 9 Experimental Effect Sizes by Group and Time of Assessment
Construct/Groups

Pretest/Posttest
0.2 (small)

Posttest/Delayed
Posttest
-

Pretest/Delayed
Posttest
0.3 (small)

Self-Efficacy
Outcome Expectancy

-

-

-

STEM Career
Awareness
Science Teachers

0.4 (medium)

-

0.3 (small)

Pretest/Posttest

Self-Efficacy

0.5 (medium)

Posttest/Delayed
Posttest
-0.2 (small)

Pretest/Delayed
Posttest
0.3 (small)

Outcome Expectancy

0.4 (medium)

-

0.3 (small)

STEM Career
Awareness
Technology Teachers

0.8 (large)

-0.3 (small)

0.6 (large)

Pretest/Posttest

Self-Efficacy

-

Posttest/Delayed
Posttest
0.4 (medium)

Pretest/Delayed
Posttest
0.3 (small)

Outcome Expectancy

-

-

-0.2 (small)

STEM Career
negligible
Awareness
Note the effect size values are rounded to the nearest tenth

-
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The largest effect sizes occurred from the pretest to the posttest indicating the
professional development had a substantial impact, especially on the science teachers.
Some slight decreases in impact were observed from the posttest to the delayed posttest,
except for technology teachers in teaching self-efficacy. For teaching self-efficacy in the
experimental group among the pretest and posttest scores, a small effect size of 0.2 was
found and a negligible effect size when comparing the posttest to the delayed posttest. A
small but slightly larger effect size of 0.3 was calculated when comparing the pretest to
the delayed posttest for self-efficacy. No significant differences were detected for the
combined teacher subject experimental group in teaching outcome expectancy measures.
For STEM career awareness, a medium effect size of 0.4 was determined in the pretest
and posttest scores, and a smaller effect size of 0.3 resulted in the pretest and delayed
posttest scores.
For the science teachers in the experimental group, small to large effect sizes were
found across all of the constructs as shown in Table 9. In teaching self-efficacy
measures, a medium effect size of 0.5 was found in the pretest and posttest scores, but
then a small negative effect size of 0.2 in the posttest and delayed posttest scores. When
comparing pretest and delayed posttest scores, a small effect size of 0.3 was found. For
teaching outcome expectancy, a medium effect size of 0.4 was calculated when
comparing pretest and posttest scores, and a small effect size of 0.3 comparing the pretest
and delayed posttest scores. In the construct of STEM career awareness, a large effect
size of 0.8 was calculated when comparing the pretest and posttest scores, but then a
small negative effect size is found in comparing the posttest and delayed posttest scores.
A large effect size is still found at 0.6 when comparing the pretest and delayed posttest
scores.
For the technology teachers in the experimental group, no significant differences
were found among the pretest and posttest scores, but there were significant differences
in the posttest and delayed posttest scores. A medium effect size of 0.4 was determined
in comparing the posttest and delayed posttest scores in teaching self-efficacy, and a
smaller effect size of 0.3 for the pretest and delayed posttest scores. A small negative
effect size of 0.2 was calculated for teaching outcome expectancy in the pretest and
delayed posttest scores. Effect size for STEM Career Awareness was negligible or
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results were insignificant. Where p-values revealed significant differences in the
comparison group data, small negative effect sizes for teaching self-efficacy were found
(pretest/posttest and posttest/delayed posttest), and for STEM career awareness a
negative small and medium effect size were calculated (pretest/posttest and
posttest/delayed posttest respectively). Even though significant differences were detected
in the science teacher and technology teacher comparison group data, the effect size
measures were negative and mostly negligible or small, indicating a slight decrease in the
Likert scores for these constructs.
4.6 Summary
Significant differences using an alpha level of 0.05 were discovered in pretest,
posttest, and delayed posttest Likert scale scores from the T-STEM survey. Though
significant differences were found unexpectedly in the comparison group data, it was
limited to certain constructs and assessment times. Significant differences were found in
comparing assessment scores in the experimental group that participated in the TRAILS
professional development institute for the constructs of teaching self-efficacy and beliefs
to teach STEM subjects, and for teacher awareness of STEM careers. Significant
differences for teaching outcome expectancy were more limited and varied between the
science and technology teachers. Effect size measures ranged from small to large across
the different constructs and assessment periods. A few small negative effect sizes were
also calculated, especially when comparing the delayed posttest scores. The results point
to a considerable impact on high school science teachers especially, and less so for the
technology teachers. A few significant differences were detected in the comparison
group Likert score data but effect sizes were negative and mostly small or negligible.
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CHAPTER 5. DISCUSSION

5.1 Introduction
This final chapter presents a summary of the rationale and the research design of
the study, a review of the purpose for the research, a summary of the results, and a
discussion of the significance of the results. Furthermore, implications of the results are
discussed along with recommendations for additional research. Further work is being
done as part of the overall TRAILS project, including additional data collection and
teacher cohorts, beyond the scope of this study.
5.2 Summary of the Study
This study examined the effects of integrated Science, Technology, Engineering,
and Math (STEM) teacher professional development and lesson implementation on
teaching self-efficacy, teaching outcome expectancy beliefs, and teacher awareness of
STEM careers. High school science and technology education teachers participating in
the Teachers and Researchers Advancing Integrated Lessons in STEM (TRAILS) project
attended a ten-day summer professional development workshop designed to educate
teachers in using an integrated STEM education model developed for the TRAILS project
to implement integrated STEM lessons as a team in their respective high schools. The
rationale, in part, for this subject focus includes the national emphasis on science heavily
incorporating engineering design throughout the Next Generation Science Standards.
Teachers can also have significant influence on student interest in and
understanding of STEM educational pathways and careers. Many international problems
require a collaborative approach by individuals skilled in STEM fields to find and
implement effective solutions, yet students’ motivation toward STEM learning has waned
in many nations. This decline is driving more desperate appeals for STEM education and
skills to meet economic challenges. Educational groups and government agencies in the
United States are advocating for more quality integrated STEM curricula and research to
increase learning and the pipeline of students going into STEM career paths.
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The main research questions this study sought to answer included:
1. Does teacher self-efficacy and confidence to teach a STEM subject increase with
participation in the TRAILS professional development and after implementation
of integrated STEM lessons?
2. Does the degree of beliefs about teaching outcome expectancy (impact of teacher
actions on student learning) increase with participation in the TRAILS
professional development and after implementation of integrated STEM lessons?
3. Does the teacher awareness about STEM careers and resources increase with
participation in the TRAILS professional development and after implementation
of integrated STEM lessons?
The research design employed a quasi-experimental approach with an
experimental (treatment) group and a comparison group without treatment as a control,
utilizing both pretest and posttest assessments on non-randomized participants. One
group of teachers participated in the experimental group which included attendance at the
TRAILS professional development institute (the treatment) in June 2016. The other
teacher group did not attend the professional development, providing a comparison or
control group. The participant STEM teachers were given a pretest prior to the TRAILS
summer professional development workshop. The same participants then took the same
assessment for a posttest after the completion of the TRAILS summer professional
development institute, and then later again in early 2017 after the implementation of the
TRAILS lessons in the classroom. Teachers completed the online assessments through
the Qualtrics survey platform.
The independent variable of interest in this research encompassed the teacher
professional development workshop and ongoing professional support for teachers in a
community of practice, which is provided for the experimental group. The measures
used to analyze the impact of the teacher professional development included the Likert
scores from the T-STEM Survey (Friday Institute for Educational Innovation, 2012b), for
the items measuring teaching self-efficacy, teacher outcome expectancy, and teacher
STEM career awareness.
Statistical analysis was completed on the quantitative data to determine if there
were significant effects of the TRAILS professional development on teaching self-
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efficacy, teacher outcome expectancy, and STEM career awareness. Since the Likerttype scores are ordinal data, ordinal regression models were used for determining
significant effects of the independent variable on the dependent variables measured on
the T-STEM survey. A cumulative link model (CLM), or more specifically in this
context for matched pairs, the CLMM (cumulative link mixed model in the R software
platform ordinal package) was used for determining significant effects. The ordinal
regression model, CLMM, estimates the likelihood of Likert scores falling into a
particular categorical value. Analysis of Variance (ANOVA) tests were then used to
determine if significant differences existed in groups measured at an alpha level of 0.05.
A cohort of twelve teachers in a Midwestern state participated in the TRAILS
teacher professional development institute in June 2016. The group was evenly split
between science (five biology and one physics teacher) and technology teachers, who
mostly taught PLTW courses. The comparison group of ten was also evenly split
between science and technology teachers in the same state. Overall significant effects of
the independent variables in the regression model were found in pretest and posttest
scores in the experiment group that participated in the TRAILS professional development
institute, specifically in the constructs of teaching self-efficacy and teacher awareness of
STEM careers. Some significant differences were observed in the comparison group
data, used as the control, among the pretest and posttest surveys, for technology teachers
in teaching self-efficacy and STEM career awareness, and for science teachers in
teaching self-efficacy. Effect size measures using Cliff’s Delta for ordinal data were also
calculated for the groups where significant differences were found.
5.3 Summary of Results
For the T-STEM Likert scores measuring teaching self-efficacy to teach STEM
subjects for all teachers in the experiment group, significant differences were found
among the pretest and posttest scores, and in the pretest and delayed posttest scores. It
appears there was a significant shift in Likert scores for the science teachers in the
experimental group in the construct of teaching self-efficacy. Significant differences
were detected in the pretest, posttest, and delayed posttest scores. Furthermore, the
magnitude of the effect for science teachers was calculated to be at a medium size in the
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pretest and posttest scores. A small decline in effect was seen from the posttest to the
delayed posttest, but a small effect size was still detected in the pretest and delayed
posttest scores. Interestingly for technology teachers, a significant difference and
medium effect size was observed later when comparing the posttest and delayed posttest
scores.
When examining the T-STEM Likert scores measuring teaching outcome
expectancy beliefs for all teachers, a significant difference was not found in the
comparison or experimental pretest and posttest scores. However, in the experimental
group for science teachers, a significant difference in Likert scores was discovered in the
pretest and posttest scores resulting in a medium effect size. It appears the professional
development institute did not significantly impact the technology teachers in teaching
outcome expectancy, but had a much greater impact on the science teachers in teaching
outcome expectancy. When the experimental group is examined as a whole, the effect on
the technology teachers appears to cancel out the effect on the science teachers so that no
significant difference appears.
For STEM Career Awareness measures, similar results were found when
compared to the teaching self-efficacy. The results of the ANOVA test reveal there is a
significant difference among the experimental group in pretest and posttest scores with a
medium effect size, and in the pretest and delayed posttest scores with a smaller effect
size found. The experimental group was then further analyzed by teacher subject. A
significant difference was detected for science teachers in the pretest and posttest scores
with a large effect size, confirming a significant impact and magnitude of change. A
significant difference was also detected in the posttest and delayed posttest scores, but
resulted in a small negative effect size. However, when analyzing the pretest and delayed
posttest scores, a significant difference and large effect size was still calculated. The
technology teachers showed significant differences in both the comparison group and
experimental group, but the magnitude of the effect size was larger in the experimental
group when compared to the comparison group where significant differences were
detected in both.
It appears from the analysis of this data on teacher attitudes toward teaching selfefficacy and beliefs, teaching outcome expectancy beliefs, and STEM career awareness,
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the TRAILS professional development had a greater positive impact on the high school
science teachers than the technology teachers in this cohort. However, some of the
results vary by the assessment periods compared and teacher subject area, which is
further discussed below.
5.4 Implications
Though the TRAILS professional development institute was designed for a
partnership between high school science and technology teachers to create and implement
integrated STEM lessons, it seems that in the constructs of teaching self-efficacy and
beliefs, teaching outcome expectancy beliefs, and STEM Career Awareness, a greater
impact on science teachers resulted from TRAILS professional development. There
might be several different variables which remain unknown that could influence these
outcomes. For instance, the particular group of teachers may have consisted of
technology teachers who are more confident in teaching in their subject area or wellversed in STEM careers before they attended the professional development. Many of
these technology teachers may have also received education or training that impacted
these constructs prior to this study. For example, teachers trained in the PLTW
curriculum may cover content in STEM careers pathways. Also this particular group of
science teachers may have been less exposed in general to learning about STEM careers,
especially careers that are outside of the science field. Furthermore, the majority of the
STEM professionals who spoke at the professional development were from technology
and engineering related fields, which the technology teachers would have already been
more familiar with than science teachers. The TRAILS professional development
institute could have unknowingly been designed to have a greater impact on these
constructs for high school science teachers which were measured in this study.
Though the sample size of teachers in this first cohort was relatively small and the
results have limited generalizability, the TRAILS professional development institute and
on-going community of practice support does initially appear to have a significant impact
with a medium to large effect size on teachers in science. A small negative effect does
occur in the constructs measured in the posttest and the delayed posttest, but overall the
effect size on science teachers remains small on teaching self-efficacy and outcome
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expectancy beliefs. A large effect size was found for STEM career awareness in
analyzing the pretest and delayed posttest Likert scores. It seems the science teachers
decline slightly in these constructs measured over the course of the school year after
implementing the TRAILS lessons but still show a significant change.
The results for the technology teachers appears less impactful in the constructs
measured. No significant differences were observed in the pretest and posttest scores in
the experimental group before and after the professional development. However, a
significant difference in teaching self-efficacy was found with a medium effect size when
analyzing the posttest and delayed posttest scores. It appears that technology teachers
became more confident in teaching in the technology area after implementing TRAILS
lessons in the classroom. Maybe the initial experience in the professional development
institute did not significantly impact technology teachers in these constructs measured,
but did equip them to implement integrated STEM lessons during the school year.
Implementation of the integrated STEM curriculum seems to have influenced their
teaching self-efficacy and confidence in teaching technology over the course of the
school year.
Threats to internal and external validity may compromise the results of this
research study. Since the participants are not randomly selected, this is a quasiexperimental design, which could create a biased sample of teachers on the measured
constructs. For instance, teachers who have more self-efficacy and confidence in their
teaching, or have a more supportive school administration, may have chosen to
participate in the TRAILS integrated STEM program. Possibly repeated use of the
survey instrument for pretest and posttests could also compromise results. Participants
may think about previous answers to the same questions, becoming more familiar with
the instrument in posttests (Creswell, 2009). Using a delayed posttest several months
later may help decrease this threat since there is a more extended period of time between
assessments and also measures if there is a more lasting effect.
Finding significant differences in the comparison group data for the science and
technology teachers in certain constructs may also indicate there are other unknown
factors influencing teacher scores which are not well controlled. These significant results
also revealed negligible and small (except for one medium measure) negative effect sizes
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when using Cliff’s Delta. Comparison group Technology teachers appear to decrease in
their teaching self-efficacy and STEM career awareness. Though little is known about
why this occurred, maybe teachers thought about the survey items more after the repeated
measures which influenced their responses. Many of the significance levels discovered
for the experimental group were highly significant with p-values at 0.01 or 0.001 which
were summarized previously in Table 8
Linking practicing STEM professionals with teachers in professional development
is critical to helping teachers increase in STEM career awareness and understanding local
STEM career pathways. STEM professionals should share real-world problems,
solutions, application of their knowledge, and practices of their daily work. These
examples from professionals in STEM fields help teachers connect what and how they
are teaching STEM content and practices with a relevant context which students may
encounter in the future. Practicing STEM professionals should be involved in teacher
professional development to provide this context and to form networks with teachers
where they might be directly involved in the schools and serve as guest speakers to
inform teachers and students of STEM career paths.
5.5 Recommendations
Since teaching self-efficacy and confidence, and teaching outcome expectancy
often increases through positive experiences, including vicarious experience as Bandura
theorized (1994), it is key to have experienced teachers assisting in the instruction and
mentoring of teachers in STEM education professional development. Having
experienced teachers involved will not only help to increase their own self-efficacy, but
through them modeling and sharing their own experience with other teachers, this
presumably will positively impact teaching self-efficacy and confidence of the teacher
participants. As teachers implementing integrated STEM curriculum grows, their
contributions to teaching other teachers should not be overlooked in planning and
employing integrated STEM education professional development. Further research
should also be done on teaching self-efficacy and outcome expectancy of teachers
participating as trainers in integrated STEM professional development.

84
On-going support, follow-up sessions, and teachers sharing resources and
experiences is critical to sustaining a positive impact over time. While the initial
professional development training is important and significantly impacts teachers, it is
vital that teachers continue in some type of professional development support over the
course of the school year to maintain and increase growth in the constructs measured in
this study as well as in other areas. Reinforcing what teachers have learned, how to
successfully implement new and different pedagogical knowledge and approaches, and
overcoming challenges that teachers may face in practice, may help to increase teaching
self-efficacy and confidence, and teaching outcome expectancy. Further research should
investigate the impact of robust ongoing professional development support in a
community of practice for integrated STEM education.
Furthermore, TRAILS researchers observed that successful implementation of
TRAILS integrated STEM lessons appears to be connected to strong teacher partnerships
and school administration support. Consequently, teachers who are experiencing success
in employing the integrated STEM lessons will increase in their confidence and teaching
self-efficacy to teach because of this positive experience. Therefore, it is critical that
teachers form strong partnerships with other teachers to collaborate in teaching and
implementing integrated STEM curriculum that connects multiple disciplines. This
partnership between teachers, which may not exist initially, should be cultivated in
professional development and on-going support during the school year. Research on the
impacts of strong teacher partnerships and school administration support should be
further investigated.
Additional research will be done on a second and third cohort over the next
couple of years as part of the TRAILS project. If similar results are obtained for these
teacher cohorts, this will help to confirm that the TRAILS professional development
institute is in fact having a significant impact on teaching self-efficacy and beliefs,
teacher outcome expectancy beliefs, and teacher STEM career awareness, especially
among science teachers. Furthermore, data is being collected on high school students in
these courses taught by teachers in both the experimental and comparison groups to see
what impact may occur on student learning, attitudes, and interest in STEM subjects and
careers. This will be important data from students to see if it confirms the constructs
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measured with teachers are actually impacting student attitudes toward STEM subjects
and learning in these subject areas.
Three cohorts will participate over a period of three years, providing a possible
sample size at the conclusion of year three of 45 teachers in the experimental group,
assuming their remains little difference in the professional development training
experience (treatment) each year. The data and results from this first cohort may be
helpful in making some adjustments to the professional development institute targeting
technology teachers to increase the impact. However, science teachers will need to be
carefully considered to not decrease the impact on them if changes are made to the
professional development institute.
Research should also investigate what other factors may impact teachers in the
constructs measured in this study. For instance, data should be gathered from the
participants in both groups in this study to determine if they engage in activities, training,
or other experiences related to STEM education during the summer and school year that
could impact the measures gathered in this research. This might account for some of the
unknown factors impacting results, which could explain the impact on the technology
teacher comparison group for example. A more holistic review of the results beyond the
scope of this study with other data being collected on the TRAILS project may prove
insightful before implementing changes to the program, professional development
institute, and on-going community of practice support for teachers during the school year.
5.6 Conclusions
This research examined the effects of integrated Science, Technology,
Engineering, and Math (STEM) teacher professional development and lesson
implementation for the Teachers and Researchers Advancing Integrated Lessons in
STEM (TRAILS) project concerning three particular constructs. The main goals of this
study were to determine if: 1.) STEM teacher self-efficacy concerning teaching a
specific STEM subject, 2.) teaching outcome expectancy beliefs, and 3.) awareness of
STEM careers, increases significantly due to participation in the TRAILS summer
professional development workshop and subsequent implementation of integrated STEM
curriculum during the academic year. Significant differences were observed mainly for

86
teaching self-efficacy and STEM career awareness for all teachers in the experimental
group, with a greater impact and effect size found among the science teachers in
particular.
Significant differences were discovered in pretest, posttest, and delayed posttest
Likert scale scores from the T-STEM survey in the experimental group that participated
in the TRAILS professional development institute for the constructs of teaching selfefficacy and beliefs to teach STEM subjects, and for teacher awareness of STEM careers.
However, significant differences for teaching outcome expectancy were varied between
the science and technology teachers, and effect size measures ranged from small to large
across the different constructs and assessment periods.
A major goal of the TRAILS project beyond the scope of this study is to increase
student interest in STEM career educational pathways and careers. If this is one of the
outcomes seen from the TRAILS project, then this type of integrated STEM model and
curriculum could help to increase the pipeline of students choosing STEM careers to help
fill the demand in the United States and possibly in other nations. This study focused on
important teacher constructs related to student STEM subject learning and career interest
that will help inform the TRAILS integrated STEM model, curriculum, professional
development, lesson implementation, on-going professional community of practice, and
continued research on this project and other studies on integrated STEM education.
Interestingly a recent report, Engineering Technology Education in the United
States (NAE, 2016), noted the lack of awareness, communication, or outreach to teachers,
students, and parents about engineering technology fields in the K-12 education system,
which is where most students are first exposed to various career path possibilities. It
seems that the “T” and “E” in STEM are still less well known and emphasized in the
United States education system while the production and retention of highly skilled
workers in STEM fields is critical to sustaining the country as a global leader in
innovation. Continued emphasis on student STEM subject learning and exposure to
STEM career pathways, especially in engaging ways using integrated STEM curriculum
and projects that connect real world contexts remains critical to the future of a growing
and sustainable STEM workforce and economy. Research should continue to be
supported and emphasized in the development of integrated STEM practices and
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standards, teacher professional development for STEM education, and additional
curriculum that explicitly uses engineering design to teach math and science concepts
(Brophy, et al., 2008; Capobianco & Rupp, 2014; Chiu, et al., 2013). Teacher training
and self-efficacy to teach STEM subjects using an integrated approach plays a vital role
in student learning, interest, and academic success. Future studies should carefully
evaluate and document in detail the program, curriculum and types of interventions used
(NAE & NRC, 2014).
Elements of this paper are supported by the National Science Foundation, award
#DRL-1513248. Any opinions and findings expressed in this material are the author’s
and do not necessarily reflect the views of NSF.
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APPENDIX A. TRAILS PROFESSIONAL DEVELOPMENT
SCHEDULE
TRAILS Summer Institute Schedule- Week 1
All presentations will be in community room 158/160 , 166 – CAD, or 165
Science Lab
th
Monday, June 13 , 2016, Day 1, 9am-4pm
Time
Prior to
attending

Topic
STEM knowledge test, Pretest
survey

Personnel
TRAILS
teachers

Content
Teacher
Assessments

9:00 am10:00

Introductions- TRAILS team,
Cohort 1, Project overview. Warmup activity
Intro to inquiry and design, TRAILS
model
KWHLAQ- complete
Intro Inquiry Activity
Intro Design Activity

TRAILS
team
Hart
Kelley &
Eichinger

Introductions,
project goals
and vision
TRAILS model
of ISTEM

Eichinger
Kelley,
Knowles
Sung
All TRAILS
Boss

Science Inquiry
Engineering
Design

10:00-10:30

10:30-11:15
11:15-12:00

12:00 -1:00
12:20- 12:40
1:00- 1:30
1:30-2:30

2:30- 2:45
2:45-3:30
3:30-4:00

Lunch
TRAIL Marker - Bringing
Innovation to Schools
Engineer’s Notebook Presentation
Entomology Introductory Lesson
Why- Entomology?
KWHLAQ- complete

Flex Time
TRAILS website and Polycom
instructions
Revisit TRAILS model
(Evaluation/reflection Formfeedback )

Kelley
Holland
&Goldner

Newby
Kelley,
Knowles,
Sung

Education for
Innovation
Documentation
Science Content
– biology and
physics in
entomology
context
Teacher
resources
Review
TRAILS model
reflective
practice

Tuesday, June 14th , 2016, Day 2, 9am-4pm
9:00 -10:00

Brainstorming- techniques (D-Bait)

Kelley

Innovation
Techniques

99
10:00 -12:00

Aquatic Entomology - Entomology
Field
Observations
KWHLAQ – see sample for Dbait
12:00 -1:00
Lunch
12:20 - 12:40 TRAILS Marker- Biomimicry
1:00 -1:30
1:30 - 2:00
2:00 - 2:30
2:30 - 3:00

Brainstorming Session#2 – Your
ideas
Creativity – 21st Century Rubrics
Biomimicry – Entomology to
Technology
Lure Design and Function

Reporting out – sharing ideas and
discussing options
3:30 - 4:00
Evaluation/reflection Formfeedback
Wednesday, June 15th 2016, Day 3, 9am-4pm
9:00 - 10:00 Introduction to 3D printer
technology
10:00 -11:30 Inquiry – Sinking and Floating –
Density
3:00- 3:30

11:30-12:00
12:00 -1:00
12:20- 12:40

Flextime
Lunch
TRAIL Marker –Additive
Manufacturing
1:00 - 3:00
Making entomology shapes in CAD
& 3D printing, CAD Lab Practice
3:00-3:30
Critical Thinking -21st Century
Rubrics
3:30-4:00
Evaluation/reflection Formfeedback
Thursday, June 16th- Day 4, 9 am- 4 pm
9:00 -9:30
Dbait student design examples –
North Montgomery High school
9:30- 10:00
10:00-10:30
10:30 -11:00

21st Century Rubrics discussion –
practice using the rubrics
Flex Time
Backwards Design - Wiggins &
McTighe
Review

Holland

Fieldwork

All TRAILS
Hooker
Biomimicry
Institute
TRAILS
Innovation
Team
Kelley
21st Century
Skills
Holland &
Biomimicry
Kelley
Kelley
Design Features
All TRAILS Community of
Practice
Richardson/ reflective
Kelley
practice
Clemence

3D Printing

Sung, Cool,
and
Eichinger

Mathematical
modeling within
science

All TRAILS
Lynch
STEM in action
Combs &
Friend
Eichinger
Richardson/
Kelley

Parametric
Modeling
21st Century
Skills
reflective
practice

Clemence

Best Practices
and Pitfalls of
Dbait Lesson

Kelley

Calibrations of
Assessment

Richardson

Lesson Plan
Development
Model

100
11:00-12:00
12:00 –12:20
12:20-12:40

Flex Time
Lunch
TRAILS Marker -3D Scanning

12:40-1:00
1:00 - 1:30

Break
Communication-21st Century
Rubrics
CAD & 3D printing work time

1:30 - 3:30
3:30-4:00

Evaluation/reflection Formfeedback
Friday, June 17th -Day 5, 9 am- 4 pm
9:00-11:00
CAD lab, Finish Prototype 3D
Printing
11:00 -12:00 Testing Ivy Tech Pond
12:00 -1:00
1:00-2:00

2:00 - 2:30

Lunch – Jeff Holland
TRAILS Marker– Indiana DOE –
Standards
One school’s perspective – 2016
standards rollout
TRAILS research – what to expect

2:30 –3:30

All TRAILS
Schaumburg 3D scanning in
industry
All TRAILS
Knowles\ Br 21st Century
ogan
Skills
Combs\ Frie CAD practice
nd
Richardson reflective
practice
Combs &
CAD practice
Friend
All TRAILS Community of
Practice
All TRAILS
Corwin
Standards based
integrated
STEM lessons
Knowles & Research
Sung
All TRAILS TRAILS
lessons

Review Indiana 2016 Standards –
Brainstorm possible biomimicry
integrated STEM lessons
3:30 - 4:00
Evaluation/reflection FormRichardson reflective
feedback
practice
TRAILS Summer Institute Schedule- Week #2
All presentations will be in community room 158/160 , 166 – CAD, or 165
Science Lab
Monday, June 20th, 2016 -Day 6, 9am-4pm
Time
9:00- 9:30

Topic
TRAILS Implementation –
Expectations
TRAILS lesson plan ideas
(TRAILS team’s ideas)

Personnel
Kelley

10:00-12:00

Lesson Plan Development

12:00-12:20
12:20- 12:40

Lunch
TRAIL Marker –3D printing at
Caterpillar

TRAILS
Community
All TRAILS
Ramey
3D printing in
industry

9:30 - 10:00

TRAILS
leadership
team

Content
Lesson plan
graphic
biology and
physics,
integrated
biomimicry
STEM lessons
Indiana
Standards

101
12:40- 1:00
1:00- 1:30

Break
Report out- initial lesson ideas

1:30-3:30

Lesson Plan Development

3:30-4:00

Evaluation/reflection Formfeedback
Tuesday June 21st, 2016 - Day 6, 9am-4pm

TRAILS
teachers

TRAILS
Community
Richardson/
Kelley

Standards based
lessons with
TRAILS
approach
Indiana
Standards
reflective
practice

10:00 -12:00

Update – report out Lesson Plan
Progress
Lesson Plan Development

TRAILS
teachers
TRAILS
teachers

11:30- 12:00

TRAILS draft lessons

Brogan &
Cool

12:00 -1:00
1:00 pm-3:30

Lunch
Lesson Plan Development

All TRAILS
TRAILS
Standards based
teachers
lessons with
TRAILS
approach
Richardson/ reflective
Kelley
practice

9:00-10:00

3:30 pm-4:00

Evaluation/reflection Formfeedback
Wednesday, June 22nd 2016 - Day 7, 9am-4pm
9:00-10:00
Update – report out Lesson Plan
Progress
10:00 -12:00 Lesson Plan Development

12:00 -1:00
1:00- 2:30

Lunch
Lesson Plan Development

2:30- 3:30

Lesson Plan Peer Critique

3:30-4:00 pm

Evaluation/reflection Formfeedback
Thursday, June 23rd - Day 4, 9 am- 4 pm

TRAILS
teachers
TRAILS
teachers

Community of
Practice
Standards based
lessons with
TRAILS
approach
Physics of
Flight
Robotic
Pollination

Community of
Practice
Standards based
lessons with
TRAILS
approach

All TRAILS
TRAILS
Standards based
teachers
lessons with
TRAILS
approach
TRAILS
peer evaluation
teachers
Richardson/ reflective
Kelley
practice
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10:00 -12:00

Update – report out lesson plan
progress and refinement
Lesson Plan Implementation

12:00- 1:00
1:00 – 2:00

Lunch
Curriculum Mapping Overview

2:00 -3:30

Curriculum Mapping work time

9:00- 10:00

3:30 - 4:00

Evaluation/reflection Formfeedback
Friday, June 24th - Day 5, 9 am- 4 pm
9:00-10:00
Final Update – report out lesson
plan progress
11:00 -12:00 Lesson Plan Practice - prototypes,
assessment development and
review, delivery, peer review.

TRAILS
teachers
TRAILS
teachers
All TRAILS
TRAILS
teachers

TRAILS
teachers

TRAILS
teachers

12:00 - 1:00
1:00-1:30

Lunch
TRAILS research Revisited – what
to expect

TRAILS
teachers
TRAILS
teachers
& TRAILS
Team
All TRAILS
Knowles &
Sung

1:30 – 2:00

Present Final New TRAILS Lesson
and implementation plan
TRAILS Post Test – Survey and
Knowledge Test

TRAILS
teachers
TRAILS
teachers

2:00 – 4:00

Community of
Practice
Community of
Practice
Mapping 21st
Century Skills,
inquiry and
engineering
design
Mapping 21st
Century Skills,
inquiry and
engineering
design
reflective
practice
Community of
Practice
teaching
practice

Teacher and
Student
Research
Community of
Practice
TRAILS
evaluation
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APPENDIX B. T-STEM SCIENCE TEACHER SURVEY

Teacher Efficacy and Attitudes
Toward STEM Survey (T-STEM)
Science Teacher
Last Updated October 2012

Appropriate Use
The Teacher Efficacy and Attitudes Toward STEM (T-STEM) Survey is intended
to measure changes in teachers’ confidence and self-efficacy in STEM subject content
and teaching, use of technology in the classroom, 21st century learning skills, leadership
attitudes, and STEM career awareness. The survey is available to help program
coordinators make decisions about possible improvements to their program.
The Friday Institute grants you permission to use these instruments for
educational, noncommercial purposes only. You may use an instrument as is, or modify it
to suit your needs, but in either case you must credit its original source. By using this
instrument you agree to allow the Friday Institute to use the data collected for additional
validity and reliability analysis. The Friday Institute will take appropriate measures to
maintain the confidentiality of all data.
Recommended citation for this survey:
Friday Institute for Educational Innovation (2012). Teacher Efficacy and Attitudes
Toward STEM Survey-Science Teachers, Raleigh, NC: Author.
The development of this survey was partially supported by the National Science
Foundation under Grant No. 1038154 and by the Golden LEAF foundation.
The framework for part of this survey was developed from the following sources:
Riggs, I. M., & Enochs, L. G. (1990). Toward the development of an elementary
teachers science teaching efficacy belief instrument. Science Education, 74(6), 625-637.
doi: 10.1002/sce.3730740605
DIRECTIONS:
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For each of the following statements, please indicate the degree to which
you agree or disagree.
Even though some statements are very similar, please answer each
statement. There are no "right" or "wrong" answers. The only correct responses
are those that are true for you. Whenever possible, let the things that have
happened to you help make your choice.

Science Teaching Efficacy and Beliefs
Directions: Please respond to these questions regarding your feelings
about your own teaching.
Strongly
Disagree
Disagree
1. I am continually improving my
science teaching practice.
2. I know the steps necessary to
teach science effectively.
3. I am confident that I can explain
to students why science
experiments work.
4. I am confident that I can teach
science effectively.
5. I wonder if I have the necessary
skills to teach science.
6. I understand science concepts
well enough to be effective in
teaching science.
7. Given a choice, I would invite a
colleague to evaluate my
science teaching.
8. I am confident that I can answer
students’ science questions.
9. When a student has difficulty
understanding a science
concept, I am confident that I
know how to help the student
understand it better.

Neither
Agree
Strongly
Agree
nor
Agree
Disagree

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○

○
○

○
○

○
○

○
○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○
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10. When teaching science, I am
confident enough to welcome
student questions.
11. I know what to do to increase
student interest in science.

○

○

○

○

○

○

○

○

○

○

Science Teaching Outcome Expectancy
Directions: The following questions ask about your feelings about
teaching in general. Please respond accordingly.

Strongly
Disagree
Disagree
1. When a student does better than
usual in science, it is often
because the teacher exerted a
little extra effort.
2. The inadequacy of a student’s
science background can be
overcome by good teaching.
3. When a student’s learning in
science is greater than expected,
it is most often due to their
teacher having found a more
effective teaching approach.
4. The teacher is generally
responsible for students’ learning
in science.
5. If students’ learning in science is
less than expected, it is most
likely due to ineffective science
teaching.
6. Students’ learning in science is
directly realted to their teacher’s
effectiveness in science teaching.
7. When a low achieving child
progresses more than expected in
science, it is usually due to extra
attention given by the teacher.

Neither
Agree
nor
Disagree

Agree

Strongly
Agree

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○
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8. If parents comment that their child
is showing more interest in
science at school, it is probably
due to the performance of the
child’s teacher.
9. Minimal student learning in
science can generally be
attributed to their teachers.

○

○

○

○

○

○

○

○

○

○

Student Technology Use
Directions: Please answer the following questions about how often students use
technology in settings where you instruct students. If the question is not applicable to
your situation, please select “Not Applicable.”

During science instructional meetings (e.g. class periods, after school
activities, days of summer camp, etc.), how often do your students…

1. Use a variety of
technologies,
e.g. productivity,
data visualization,
research, and
communication
tools.
2. Use technology to
communicate and
collaborate with
others, beyond the
classroom.
3. Use technology to
access online
resources and
information as a
part of activities.

Never

Occasionally

About
half the
time

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

Usually

Every
Not
time Applicable
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4. Use the same kinds
of tools that
professional
researchers use,
e.g. simulations,
databases, satellite
imagery.
5. Work on technologyenhanced projects
that approach
realworld
applications of
technology.
6. Use technology to
help solve
problems.
7. Use technology to
support higherorder thinking, e.g.
analysis, synthesis
and evaluation of
ideas and
information.
8. Use technology to
create new ideas
and representations
of information.

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

Science Instruction
Directions: Please answer the following questions about how often students
engage in the following tasks during your instructional time.

During science instructional meetings (e.g. class periods, after school
activities, days of summer camp, etc.), how often do your students…
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Never Occasionally
1. Develop problem-solving skills
through investigations (e.g.
scientific, design or theoretical
investigations).
2. Work in small groups.
3. Make predictions that can be
tested.
4. Make careful observations or
measurements.
5. Use tools to gather data (e.g.
calculators, computers, computer
programs, scales, rulers,
compasses, etc.).
6. Recognize patterns in data.
7. Create reasonable explanations of
results of an experiment or
investigation.
8. Choose the most appropriate
methods to express results
(e.g.drawings, models, charts,
graphs, technical language, etc.).
9. Complete activities with a realworld context.
10. Engage in content-driven
dialogue.
11. Reason abstractly.
12. Reason quantitatively.
13. Critique the reasoning of others.
14. Learn about careers related to the
instructional content.

About
half the
time

Usually

Every
time

○

○

○

○

○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○

○

○

○

○

○
○

○
○

○
○

○
○

○
○

○

○

○

○

○

○
○
○
○
○
○

○
○
○
○
○
○

○
○
○
○
○
○

○
○
○
○
○
○

○
○
○
○
○
○
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21st Century Learning Attitudes
Directions: Please respond to the following questions regarding your feelings
about learning in general.
“I think it is important that students have learning opportunities to…”

Strongly
Disagree
Disagree

1. Lead others to accomplish a
goal.
2. Encourage others to do their
best.
3. Produce high quality work.
4. Respect the differences of
their peers.
5. Help their peers.
6. Include others’ perspectives
when making decisions.
7. Make changes when things
do not go as planned.
8. Set their own learning goals.
9. Manage their time wisely
when working on their
own.
10. Choose which assignment
out of many needs to be
done first.
11. Work well with students
from different
backgrounds.

Neither
Agree
Agree
nor
Disagree

Strongly
Agree

○

○

○

○

○

○

○

○

○

○

○
○

○
○

○
○

○
○

○
○

○
○

○
○

○
○

○
○

○
○

○

○

○

○

○

○
○

○
○

○
○

○
○

○
○

○

○

○

○

○

○

○

○

○

○
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Teacher Leadership Attitudes
Directions: Please respond to the following questions regarding your feelings
about teacher leadership in general.
“I think it is important that teachers …”

Neither
Strongly
Agree
Strongly
Disagree
Agree
Disagree
nor
Agree
Disagree
1. Take responsibility for all
students’ learning.
2. Communicate vision to
students.
3. Use a variety of assessment
data throughout the year to
evaluate progress.
4. Use a variety of data to
organize, plan and set goals.
5. Establish a safe and orderly
environment.
6. Empower students.

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○
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STEM Career Awareness
Directions: Please respond to the following questions based upon how much you
disagree or agree with the statements.
“I know …”
Neither
Strongly
Agree
Strongly
Disagree
Agree
Disagree
nor
Agree
Disagree
1. About current STEM careers.
2. Where to go to learn more
about STEM careers.
3. Where to find resources for
teaching students about
STEM careers.
4. Where to direct students or
parents to find information
about STEM careers.

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○

○

○

○

○
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APPENDIX C. T-STEM TECHNOLOGY TEACHER SURVEY

Teacher Efficacy and Attitudes
Toward STEM Survey (T-STEM)

Technology Teacher
Last Updated October 2012

Appropriate Use
The Teacher Efficacy and Attitudes Toward STEM (T-STEM) Survey is intended
to measure changes in teachers’ confidence and self-efficacy in STEM subject content
and teaching, use of technology in the classroom, 21st century learning skills, leadership
attitudes, and STEM career awareness. The survey is available to help program
coordinators make decisions about possible improvements to their program.

The Friday Institute grants you permission to use these instruments for
educational, noncommercial purposes only. You may use an instrument as is, or modify it
to suit your needs, but in either case you must credit its original source. By using this
instrument you agree to allow the Friday Institute to use the data collected for additional
validity and reliability analysis. The Friday Institute will take appropriate measures to
maintain the confidentiality of all data.
Recommended citation for this survey:
Friday Institute for Educational Innovation (2012). Teacher Efficacy and Attitudes
Toward STEM Survey-Technology Teachers, Raleigh, NC: Author.

The development of this survey was partially supported by the National Science
Foundation under Grant No. 1038154 and by the Golden LEAF foundation.
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The framework for part of this survey was developed from the following sources:
Riggs, I. M., & Enochs, L. G. (1990). Toward the development of an elementary
teachers science teaching efficacy belief instrument. Science Education, 74(6), 625-637.
doi: 10.1002/sce.3730740605

DIRECTIONS:

For each of the following statements, please indicate the degree to which
you agree or disagree.
Even though some statements are very similar, please answer each
statement. There are no "right" or "wrong" answers. The only correct responses
are those that are true for you. Whenever possible, let the things that have
happened to you help make your choice.

Technology Teaching Efficacy and Beliefs
Directions: Please respond to these questions regarding your feelings about your
own teaching.
Neither
Strongly
Agree
Strongly
Disagree
Agree
Disagree
nor
Agree
Disagree
1. I am continually improving my
technology teaching practice.
2. I know the steps necessary to
teach technology effectively.
3. I am confident that I can explain
to students why technology
experiments work.
4. I am confident that I can teach
technology effectively.
5. I wonder if I have the necessary
skills to teach technology.
6. I understand technology concepts
well enough to be effective in
teaching technology.
7. Given a choice, I would invite a
colleague to evaluate my
technology teaching.

○
○

○
○

○
○

○
○

○
○

○

○

○

○

○

○
○

○
○

○
○

○
○

○
○

○

○

○

○

○

○

○

○

○

○
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8. I am confident that I can answer
students’ technology questions.
9. When a student has difficulty
understanding a technology
concept, I am confident that I
know how to help the student
understand it better.
10. When teaching technology, I am
confident enough to welcome
student questions.
11. I know what to do to increase
student interest in technology.

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

Technology Teaching Outcome Expectancy
Directions: The following questions ask about your feelings about teaching in
general. Please respond accordingly.

Strongly
Disagree
Disagree
1. When a student does better than
usual in technology, it is often
because the teacher exerted a
little extra effort.
2. The inadequacy of a student’s
technology background can be
overcome by good teaching.
3. When a student’s learning in
technology is greater than
expected, it is most often due to
their teacher having found a
more effective teaching
approach.
4. The teacher is generally
responsible for students’ learning
in technology.
5. If students’ learning in technology
is less than expected, it is most
likely due to ineffective
technology teaching.
6. Students’ learning in technology is
directly realted to their teacher’s

Neither
Agree
nor
Disagree

Agree

Strongly
Agree

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○
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effectiveness in technology
teaching.
7. When a low achieving child
progresses more than expected in
technology, it is usually due to
extra attention given by the
teacher.
8. If parents comment that their child
is showing more interest in
technology at school, it is
probably due to the performance
of the child’s teacher.
9. Minimal student learning in
technology can generally be
attributed to their teachers.

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

Student Technology Use
Directions: Please answer the following questions about how often students use
technology in settings where you instruct students. If the question is not applicable to
your situation, please select “Not Applicable.”

During technology instructional meetings (e.g. class periods, after school
activities, days of summer camp, etc.), how often do your students…

Never
1. Use a variety of
technologies,
e.g. productivity,
data visualization,
research, and
communication
tools.
2. Use technology to
communicate and
collaborate with
others, beyond the
classroom.

About
Occasionally half the
time

Usually

Every
Not
time Applicable

○

○

○

○

○

○

○

○

○

○

○

○
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3. Use technology to
access online
resources and
information as a
part of activities.
4. Use the same kinds
of tools that
professional
researchers use,
e.g. simulations,
databases, satellite
imagery.
5. Work on technologyenhanced projects
that approach
realworld
applications of
technology.
6. Use technology to
help solve
problems.
7. Use technology to
support higherorder thinking, e.g.
analysis, synthesis
and evaluation of
ideas and
information.
8. Use technology to
create new ideas
and representations
of information.

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

Technology Instruction
Directions: Please answer the following questions about how often students
engage in the following tasks during your instructional time.

During technology instructional meetings (e.g. class periods, after school
activities, days of summer camp, etc.), how often do your students…
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About
Every
Never Occasionally half the Usually
time
time
1. Develop problem-solving skills
through investigations (e.g.
scientific, design or theoretical
investigations).
2. Work in small groups.
3. Make predictions that can be
tested.
4. Make careful observations or
measurements.
5. Use tools to gather data (e.g.
calculators, computers, computer
programs, scales, rulers,
compasses, etc.).
6. Recognize patterns in data.
7. Create reasonable explanations of
results of an experiment or
investigation.
8. Choose the most appropriate
methods to express results
(e.g.drawings, models, charts,
graphs, technical language, etc.).
9. Complete activities with a realworld context.
10. Engage in content-driven
dialogue.
11. Reason abstractly.
12. Reason quantitatively.
13. Critique the reasoning of others.
14. Learn about careers related to the
instructional content.

○

○

○

○

○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○

○

○

○

○

○
○

○
○

○
○

○
○

○
○

○

○

○

○

○

○
○
○
○
○
○

○
○
○
○
○
○

○
○
○
○
○
○

○
○
○
○
○
○

○
○
○
○
○
○
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21st Century Learning Attitudes
Directions: Please respond to the following questions regarding your feelings
about learning in general.
“I think it is important that students have learning opportunities to…”
Neither
Strongly
Agree
Strongly
Disagree
Agree
Disagree
nor
Agree
Disagree

1. Lead others to accomplish a
goal.
2. Encourage others to do their
best.
3. Produce high quality work.
4. Respect the differences of
their peers.
5. Help their peers.
6. Include others’ perspectives
when making decisions.
7. Make changes when things
do not go as planned.
8. Set their own learning goals.
9. Manage their time wisely
when working on their
own.
10. Choose which assignment
out of many needs to be
done first.
11. Work well with students
from different
backgrounds.

○

○

○

○

○

○

○

○

○

○

○
○

○
○

○
○

○
○

○
○

○
○

○
○

○
○

○
○

○
○

○

○

○

○

○

○
○

○
○

○
○

○
○

○
○

○

○

○

○

○

○

○

○

○

○
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Teacher Leadership Attitudes
Directions: Please respond to the following questions regarding your feelings
about teacher leadership in general.
“I think it is important that teachers …”

Strongly
Disagree
Disagree
1. Take responsibility for all
students’ learning.
2. Communicate vision to
students.
3. Use a variety of assessment
data throughout the year to
evaluate progress.
4. Use a variety of data to
organize, plan and set goals.
5. Establish a safe and orderly
environment.
6. Empower students.

Neither
Agree
Strongly
Agree
nor
Agree
Disagree

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

120

STEM Career Awareness
Directions: Please respond to the following questions based upon how much you
disagree or agree with the statements.
“I know …”
Neither
Strongly
Agree
Strongly
Disagree
Agree
Disagree
nor
Agree
Disagree
1. About current STEM careers.
2. Where to go to learn more
about STEM careers.
3. Where to find resources for
teaching students about
STEM careers.
4. Where to direct students or
parents to find information
about STEM careers.

○
○
○

○
○
○

○
○
○

○
○
○

○
○
○

○

○

○

○

○
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APPENDIX D. SURVEY USE APPROVAL
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APPENDIX E. IRB APPROVALS
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Notice of Human Subjects Review Board (HSRB) Action
Approved
Date of Correspondence: Dec. 23, 2015
Study Title: Teachers and Researchers Advancing Innovative Lessons in STEMTRAILS
Protocol Number: 15025
Principle Investigator: J. Geoff Knowles
Date of Approval: Dec. 23 2015
Expiration Date: Dec. 22, 2016
Your initial review application and all supporting materials were reviewed and
approved by an HSRB member under an expedited review process. Your project was
approved under 45 CFR 46.110(b)(1) as research not presenting more than minimal risk
to subjects and meeting the following criteria [Expedited Category 7]. This action will
be reported to the HSRB. You may now begin your research.
Risk Level:
Minimal Risk
More than minimal risk
Informed Consent Determination:
Signed Informed Consent Required
Waiver of Documentation of Informed Consent Approved
Waiver of Informed Consent Approved
Alteration of elements of informed consent approved
Approved consent documents, scripts, or information sheets:
•

Consent Form, Version 1. 3.15.13
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Your project is approved to enroll the following vulnerable
populations: Minors [INSERT REGULATORY CITATION]
Pregnant women, fetuses, or neonates [INSERT REGULATORY
CITATION]
Prisoners [INSERT
REGULATORY CITATION]
Subjects with a status relationship
Other:
Please make note of the following:
•
•
•

•

•

This notification should be retained for your records.
Approval from the respective Vice Chancellor of Academic Affairs must be
obtained for each region in which you would like to conduct the research.
Any change(s) to the protocol or any study documents, including recruitment
flyers, consent documents, or surveys must be reviewed and approved by the
HSRB prior to their implementation.
Study Expiration: The HSRB approval expiration date is listed above.
Investigators will be emailed reminders to apply for continuing review 30 and 60
days prior to expiration. It is the responsibility of the investigator to submit an
Application for Continuing Review 4 weeks prior to the date of expiration in
order to avoid a lapse in HSRB approval.
Investigators on human subjects research protocols are expected to be guided by
the ethical principles for all research involving humans as subjects, set forth in the
report of the National Commission for the Protection of Human Subjects of
Biomedical and Behavioral Research (the
"Belmont Report"). For a copy of the Belmont Report, see
http://www.hhs.gov/ohrp/humansubjects/guidance/belmont.htm.
Please contact the IRB office at 317-917-5707 or cclasemann@ivytech.edu with
any questions.
Thank you,

Cory Clasemann-Ryan, Ph.D.
Assistant Vice President, Institutional Research
HSRB Chair
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APPENDIX F. LETTER TO EXPERIMENTAL GROUP TEACHERS
Dear Teacher:
Thank you for participating in the TRAILS Summer Institute Teacher Professional Development
during June 13th — 17th and 20th — 24th 2016 at the Ivy Tech Center in Crawfordsville, Indiana.
Before you attend on June 13, you must complete the TRAILS online survey (pretest) which
asks you your opinion on teaching your subject area (science or technology/engineering), 21st
century skills, and STEM careers. You will be sent a link via email to take you to the online
survey in Qualtrics. At the beginning of the survey, you will be asked to enter a 5 digit number
that you create yourself and must use again on the posttest surveys. This is only used to match
your pretest and posttest surveys for confidentiality. Choose a number you can easily
remember.
You will be asked to complete the posttest survey at the end of the summer institute also. Later
on in the school year, another link will be sent to you to take one more posttest survey after you
implement your two TRAILS lessons. Students participating in the TRAILS lessons will be asked
to complete pretest and posttest surveys as well. More information on this will be shared at the
summer institute.
Important Steps before June 13th:
1. Review the attached participant IRB (Institutional Review Board) form. We will ask you to
sign a copy at the beginning of the summer institute.
2. Complete the online survey on Qualtrics before June 13. A web link will be sent to you to
access the online survey. Please plan on approximately 30-45 minutes to complete the survey.
We need your honest opinions and thoughts. Do not consult anyone else or any other resources
to answer the items on the survey. Please also do not discuss the survey with other participants
or possible future participants. This is important in the research and data collection process. All
answers will be kept confidential. You will need to choose your own 5 digit PIN when you
complete the survey and future surveys to anonymously link them.
3. We also will send information to your school principal concerning IRB approval for you and
your students participating in this research. Would you please email Todd Kelley at
trkelley@purdue.edu with the name and email address of your school principal as soon as
possible?
If you have any questions about the survey, please contact me or Todd Kelley. We look forward to
working with you on the TRAILS project. Thank you so much for your participation. It is a very
important part of our research for the grant supporting this work.
Thanks,
Geoff Knowles
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APPENDIX G. LETTER TO COMPARISON GROUP TEACHERS
Dear Comparison Group Teacher:
Thank you for your interest in participating in the TRAILS project in our comparison research
group this year. We hope you may be able to attend the workshop next year in June 2017 (June
5-9, 12-16).
Teachers participating in the project will be compensated for their time and effort with a
stipend totaling $600. Teachers will receive $200 for completing the pretest by June 13, 2016,
$200 for completing the first posttest between June 24-30, and $200 for completing the delayed
teacher posttest and student pretests and posttests during the school year. The date for the
teacher delayed posttest and student pretests and posttests will be determined later this
summer once the teachers implementing lessons this year have dates planned for survey
pretests and posttests also. Your involvement in this project is an important aspect of our
research and we need to coordinate your participation carefully.
This summer June 13-24, 2016 will be the first TRAILS professional development workshop. We
need you to complete an online survey before the workshop begins evens though you are not
attending this year, as part of your participation in the comparison research group. A link to the
online survey via Qualtrics will be emailed to you in early June. Further instructions for student
pretests and posttests and teacher delayed posttests will be sent out later this summer.
Important Next Steps before June 13th:
1. Complete the attached participant IRB (Institutional Review Board) form and scan and email
back to Todd Kelley at trkelley@purdue.edu
or mail to:
Todd Kelley
342 Young Hall
Department of Technology Leadership and Innovation
Purdue Polytechnic Institute
155 S. Grant Street
West Lafayette, IN 47907-2114
2. Complete the pre-workshop online survey on Qualtrics before June 13. A web link will be
sent to you to access the online survey. Please plan on approximately 30-45 minutes to complete
the survey. We need your honest opinions and thoughts. Do not consult anyone else or any other
resources to answer the items on the survey. Please also do not discuss the survey with other
participants or possible future participants. This is important in the research and data collection
process. All answers will be kept confidential. You will need to choose your own PIN when you
complete the survey and future surveys to anonymously link them.

3. We also need to send information to your school principal concerning IRB approval for you and
your students participating in this research. Would you please email Todd Kelley at
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trkelley@purdue.edu with the name and email address of your school principal as soon as
possible?
4. Watch for an email with another link to the posttest survey after the TRAILS professional
development workshop is finished on June 24. You will have about a week to complete this
online survey.
If you have any questions about the survey, please contact me or Todd Kelley. We look forward to
working with you on the TRAILS project. Thank you so much for your participation. It is a very
important part of our research for the grant supporting this work.
Thanks,
Geoff Knowles
knowlesj@purdue.edu
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APPENDIX H. POWER GRAPH ANALYSIS

Figure 11 Sample Size Estimation for Regression Studies at Alpha Level 0.05
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APPENDIX I. R SOFTWARE PACKAGE CODE
The following code is an example of the basic code that was used for ordinal regression
using the CLMM function in the R environment, performing the ANOVA test, creating
histograms, and calculating descriptive statistics, and Cliff’s Delta for effect size

########## Cumulative Link Model, Cliff's Delta, Descriptive Stats ##########
########## for Teacher Data Using R ##########
########## Sept. 2016, updated last March 2017 ##########
setwd("C:/Users/…")

## Change this to working directory.

library(ordinal)
if(!require(psych)){install.packages("psych")}
if(!require(ordinal)){install.packages("ordinal")}
if(!require(car)){install.packages("car")}
if(!require(RVAideMemoire)){install.packages("RVAideMemoire")}
if(!require(DescTools)){install.packages("DescTools")}
if(!require(Rmisc)){install.packages("Rmisc")}
if(!require(FSA)){install.packages("FSA")}
if(!require(plyr)){install.packages("plyr")}
if(!require(boot)){install.packages("boot")}
if(!require(lattice)){install.packages("lattice")}
if(!require(ggplot2)){install.packages("ggplot2")}
if(!require(rcompanion)){install.packages("rcompanion")}
if(!require(effsize)){install.packages("effsize")}
library(effsize)
##library(lsmeans)
##===== Read csv file into df data file in R =====
## enter file name to be analyzed
df <- read.csv("Teacher Survey T1 T2 T3 data for all constructs v2 corrected.csv", header
= TRUE,
## Read data for teacher surveys
quote="\"", stringsAsFactors= TRUE, strip.white = TRUE)
## Check data to see if it looks correct
## Summary of data file, gives names of columns, etc.
attributes(df)
head(df)
tail(df)
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###Subset data by test times and construct to test for significant differences###
##create subset data for T1 & T2 for Self-Efficacy Construct
data_sub1_2 <- subset(df, Construct == "SelfEff" & TestTime != 3)
data_sub1_2$LScore <- factor(data_sub1_2$LScore , ordered=TRUE)
data_sub1_2$TestTime <- factor(data_sub1_2$TestTime, ordered=F)
##check data
data_sub1_2$TestTime
head(data_sub1_2)
tail(data_sub1_2)
str(data_sub1_2)

##run CLMM with group, time, and interaction term pairing teaching data
modelclmm2 = clmm(as.factor(LScore) ~ Group + TestTime + Group*TestTime
+ (1|Teacher), data = data_sub1_2) ## ordinal test with cumulative link model for
matched pairs
modelclmm2
summary(modelclmm2)
##ANOVA for Group by testime
modelclmm1 = clmm(as.factor(LScore) ~ Group + (1|Teacher), data =
data_sub1_2) ## ordinal test with cumulative link model for matched pairs
modelclmm1
summary(modelclmm1)
##anova to test for signficant difference between groups
anova(modelclmm2, modelclmm1)
## subset the data for T2 & T3 for Self-Efficacy Construct
data_sub2_3 <- subset(df, Construct == "SelfEff" & TestTime != 1 )
data_sub2_3$LScore <- factor(data_sub2_3$LScore , ordered=TRUE)
data_sub2_3$TestTime <- factor(data_sub2_3$TestTime, ordered=F)
data_sub2_3$TestTime
head(data_sub2_3)
tail(data_sub2_3)
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modelclmm3 = clmm(as.factor(LScore) ~ Group + TestTime + Group*TestTime
+ (1|Teacher), data = data_sub2_3) ## ordinal test with cumulative link model for
matched pairs
modelclmm3
summary(modelclmm3)
##ANOVA for Group by testime
modelclmm4 = clmm(as.factor(LScore) ~ Group + (1|Teacher), data =
data_sub2_3) ## ordinal test with cumulative link model for matched pairs
modelclmm4
summary(modelclmm4)
anova(modelclmm4, modelclmm3) ##anova to test for signficant difference
between groups
## subset the data for T1 & T3
data_sub1_3 <- subset(df, Construct == "SelfEff" & TestTime != 2 ) ## choose
construct
data_sub1_3$LScore <- factor(data_sub1_3$LScore , ordered=TRUE)
data_sub1_3$TestTime <- factor(data_sub1_3$TestTime, ordered=F)
##check data
data_sub1_3$TestTime
head(data_sub1_3)
tail(data_sub1_3)
modelclmm5 = clmm(as.factor(LScore) ~ Group + TestTime + Group*TestTime
+ (1|Teacher), data = data_sub1_3) ## ordinal test with cumulative link model for
matched pairs
modelclmm5
summary(modelclmm5)
##ANOVA for Group by testime
modelclmm6 = clmm(as.factor(LScore) ~ Group + (1|Teacher), data =
data_sub1_3) ## ordinal test with cumulative link model for matched pairs
modelclmm6
summary(modelclmm6)
anova(modelclmm6, modelclmm5) ##anova to test for signficant difference
between groups
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##create subset data for T1 & T2 for Outcome Expectancy Construct
data_sub1_2 <- subset(df, Construct == "OutExp" & TestTime != 3)
data_sub1_2$LScore <- factor(data_sub1_2$LScore , ordered=TRUE)
data_sub1_2$TestTime <- factor(data_sub1_2$TestTime, ordered=F)
##check data
data_sub1_2$TestTime
head(data_sub1_2)
tail(data_sub1_2)

##run CLMM with group, time, and interaction term pairing teaching data
modelclmm2 = clmm(as.factor(LScore) ~ Group + TestTime + Group*TestTime
+ (1|Teacher), data = data_sub1_2) ## ordinal test with cumulative link model for
matched pairs
modelclmm2
summary(modelclmm2)
##ANOVA for Group by testime
modelclmm1 = clmm(as.factor(LScore) ~ Group + (1|Teacher), data =
data_sub1_2) ## ordinal test with cumulative link model for matched pairs
modelclmm1
summary(modelclmm1)
##anova to test for signficant difference between groups
anova(modelclmm2, modelclmm1)
## subset the data for T2 & T3 for Outcome Expectancy Construct
data_sub2_3 <- subset(df, Construct == "OutExp" & TestTime != 1 )
data_sub2_3$LScore <- factor(data_sub2_3$LScore , ordered=TRUE)
data_sub2_3$TestTime <- factor(data_sub2_3$TestTime, ordered=F)
data_sub2_3$TestTime
head(data_sub2_3)
tail(data_sub2_3)
modelclmm3 = clmm(as.factor(LScore) ~ Group + TestTime + Group*TestTime
+ (1|Teacher), data = data_sub2_3) ## ordinal test with cumulative link model for
matched pairs
modelclmm3
summary(modelclmm3)
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##ANOVA for Group by testime
modelclmm4 = clmm(as.factor(LScore) ~ Group + (1|Teacher), data =
data_sub2_3) ## ordinal test with cumulative link model for matched pairs
modelclmm4
summary(modelclmm4)
anova(modelclmm4, modelclmm3) ##anova to test for signficant difference
between groups
## subset the data for T1 & T3 for Outcome Expectancy Construct
data_sub1_3 <- subset(df, Construct == "OutExp" & TestTime != 2 ) ## choose
construct
data_sub1_3$LScore <- factor(data_sub1_3$LScore , ordered=TRUE)
data_sub1_3$TestTime <- factor(data_sub1_3$TestTime, ordered=F)
##check data
data_sub1_3$TestTime
head(data_sub1_3)
tail(data_sub1_3)
modelclmm5 = clmm(as.factor(LScore) ~ Group + TestTime + Group*TestTime
+ (1|Teacher), data = data_sub1_3) ## ordinal test with cumulative link model for
matched pairs
modelclmm5
summary(modelclmm5)
##ANOVA for Group by testime
modelclmm6 = clmm(as.factor(LScore) ~ Group + (1|Teacher), data =
data_sub1_3) ## ordinal test with cumulative link model for matched pairs
modelclmm6
summary(modelclmm6)
anova(modelclmm6, modelclmm5) ##anova to test for signficant difference
between groups

##create subset data for T1 & T2 for Career Awareness Construct
data_sub1_2 <- subset(df, Construct == "CarAware" & TestTime != 3)
data_sub1_2$LScore <- factor(data_sub1_2$LScore , ordered=TRUE)
data_sub1_2$TestTime <- factor(data_sub1_2$TestTime, ordered=F)
##check data
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data_sub1_2$TestTime
head(data_sub1_2)
tail(data_sub1_2)

##run CLMM with group, time, and interaction term pairing teaching data
modelclmm2 = clmm(as.factor(LScore) ~ Group + TestTime + Group*TestTime
+ (1|Teacher), data = data_sub1_2) ## ordinal test with cumulative link model for
matched pairs
modelclmm2
summary(modelclmm2)
##ANOVA for Group by testime
modelclmm1 = clmm(as.factor(LScore) ~ Group + (1|Teacher), data =
data_sub1_2) ## ordinal test with cumulative link model for matched pairs
modelclmm1
summary(modelclmm1)
##anova to test for signficant difference between groups
anova(modelclmm2, modelclmm1)
## subset the data for T2 & T3 for Career Awareness Construct
data_sub2_3 <- subset(df, Construct == "CarAware" & TestTime != 1 )
data_sub2_3$LScore <- factor(data_sub2_3$LScore , ordered=TRUE)
data_sub2_3$TestTime <- factor(data_sub2_3$TestTime, ordered=F)
data_sub2_3$TestTime
head(data_sub2_3)
tail(data_sub2_3)
modelclmm3 = clmm(as.factor(LScore) ~ Group + TestTime + Group*TestTime
+ (1|Teacher), data = data_sub2_3) ## ordinal test with cumulative link model for
matched pairs
modelclmm3
summary(modelclmm3)
##ANOVA for Group by testime
modelclmm4 = clmm(as.factor(LScore) ~ Group + (1|Teacher), data =
data_sub2_3) ## ordinal test with cumulative link model for matched pairs
modelclmm4
summary(modelclmm4)
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anova(modelclmm4, modelclmm3) ##anova to test for signficant difference
between groups
## subset the data for T1 & T3 for Career Awareness Construct
data_sub1_3 <- subset(df, Construct == "CarAware" & TestTime != 2 ) ##
choose construct
data_sub1_3$LScore <- factor(data_sub1_3$LScore , ordered=TRUE)
data_sub1_3$TestTime <- factor(data_sub1_3$TestTime, ordered=F)
##check data
data_sub1_3$TestTime
head(data_sub1_3)
tail(data_sub1_3)
modelclmm5 = clmm(as.factor(LScore) ~ Group + TestTime + Group*TestTime
+ (1|Teacher), data = data_sub1_3) ## ordinal test with cumulative link model for
matched pairs
modelclmm5
summary(modelclmm5)
##ANOVA for Group by testime
modelclmm6 = clmm(as.factor(LScore) ~ Group + (1|Teacher), data =
data_sub1_3) ## ordinal test with cumulative link model for matched pairs
modelclmm6
summary(modelclmm6)
anova(modelclmm6, modelclmm5) ##anova to test for signficant difference
between groups

###Create histograms of likert scores by construct, group, and test time###
dfplots <- read.csv("Teacher Survey T1 T2 T3 data for all constructs v2 corrected
for plots.csv", header = TRUE,
## Read data for teacher surveys
quote="\"", stringsAsFactors= TRUE, strip.white = TRUE)
data_sub_plots <- subset(dfplots, Construct == "SelfEff") ## choose construct
Self-Efficacy
histogram(~LScore | Group + TestTime + Subject, data=data_sub_plots, col="blue",
xlab="Likert Score")
histogram(~LScore | Group + TestTime, data=data_sub_plots, col="blue", xlab="Likert
Score")
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data_sub_plots <- subset(dfplots, Construct == "OutExp") ## choose construct
Outcome Expectancy
histogram(~LScore | Group + TestTime + Subject, data=data_sub_plots, col="blue",
xlab="Likert Score")
histogram(~LScore | Group + TestTime, data=data_sub_plots, col="blue", xlab="Likert
Score")
data_sub_plots <- subset(dfplots, Construct == "CarAware") ## choose construct STEM
Career Awareness
histogram(~LScore | Group + TestTime + Subject, data=data_sub_plots, col="blue",
xlab="Likert Score")
histogram(~LScore | Group + TestTime, data=data_sub_plots, col="blue", xlab="Likert
Score")
###===== run descriptive statistics on groups =====###
data_sub <- subset(df, Construct == "SelfEff") ## choose construct
data_sub
Summarize(LScore ~ Group + TestTime, data=data_sub, digits=3)

Self-Efficacy

data_sub <- subset(df, Construct == "OutExp") ## choose construct Outcome
Expectancy
data_sub
Summarize(LScore ~ Group + TestTime, data=data_sub, digits=3)
data_sub <- subset(df, Construct == "CarAware") ## choose construct Career Awareness
data_sub
Summarize(LScore ~ Group + TestTime, data=data_sub, digits=3)

###Calculate Effect Size using Cliff's Delta for ordinal data###
##effect size for self-efficacy
data_sub1 <- subset(df, Construct == "SelfEff" & TestTime == 1 & Group ==
"Comparison" & Subject == "Technology")[,7] ## choose Likert score data for time 1
data_sub1
data_sub2 <- subset(df, Construct == "SelfEff" & TestTime == 2 & Group ==
"Comparison" & Subject == "Technology")[,7] ## choose Likert score data for time 2
data_sub2
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data_sub3 <- subset(df, Construct == "SelfEff" & TestTime == 3 & Group ==
"Comparison" & Subject == "Technology")[,7] ## choose Likert score data for time 3
data_sub3
##run Cliff's Delta for ordinal data teaching self-efficacy
cliff.delta(data_sub2, data_sub1, conf.level=.95, use.unbiased=TRUE,
use.normal=FALSE, return.dm=FALSE)
cliff.delta(data_sub3, data_sub2, conf.level=.95, use.unbiased=TRUE,
use.normal=FALSE, return.dm=FALSE)
cliff.delta(data_sub3, data_sub1, conf.level=.95, use.unbiased=TRUE,
use.normal=FALSE, return.dm=FALSE)
##effect size for outcome expectancy
data_sub1 <- subset(df, Construct == "OutExp" & TestTime == 1 & Group ==
"Experimental" & Subject == "Technology")[,7] ## choose Likert score data for time 1
data_sub1
data_sub2 <- subset(df, Construct == "OutExp" & TestTime == 2 & Group ==
"Experimental" & Subject == "Technology")[,7] ## choose Likert score data for time 2
data_sub2
data_sub3 <- subset(df, Construct == "OutExp" & TestTime == 3 & Group ==
"Experimental" & Subject == "Technology")[,7] ## choose Likert score data for time 3
data_sub3
##run Cliff's Delta for ordinal data teaching outcome expectancy
cliff.delta(data_sub2, data_sub1, conf.level=.95, use.unbiased=TRUE,
use.normal=FALSE, return.dm=FALSE)
cliff.delta(data_sub3, data_sub2, conf.level=.95, use.unbiased=TRUE,
use.normal=FALSE, return.dm=FALSE)
cliff.delta(data_sub3, data_sub1, conf.level=.95, use.unbiased=TRUE,
use.normal=FALSE, return.dm=FALSE)
##effect size for career awareness
data_sub1 <- subset(df, Construct == "CarAware" & TestTime == 1 & Group ==
"Comparison" & Subject == "Technology" )[,7] ## choose Likert score data for time 1
data_sub1
data_sub2 <- subset(df, Construct == "CarAware" & TestTime == 2 & Group ==
"Comparison" & Subject == "Technology")[,7] ## choose Likert score data for time 2
data_sub2
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data_sub3 <- subset(df, Construct == "CarAware" & TestTime == 3 & Group ==
"Comparison" & Subject == "Technology")[,7] ## choose Likert score data for time 3
data_sub3
##run Cliff's Delta for ordinal data for STEM Career Awareness

cliff.delta(data_sub2, data_sub1, conf.level=.95, use.unbiased=TRUE,
use.normal=FALSE, return.dm=FALSE)
cliff.delta(data_sub3, data_sub2, conf.level=.95, use.unbiased=TRUE,
use.normal=FALSE, return.dm=FALSE)
cliff.delta(data_sub3, data_sub1, conf.level=.95, use.unbiased=TRUE,
use.normal=FALSE, return.dm=FALSE)

###End of statistical calculations###
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APPENDIX J. T-STEM SURVEY DATA

Table 10 Data for Pretest Scores
Teaching Self-Efficacy

TSTEMSE1

TSTEMSE2

TSTEMSE3

TSTEMSE4

TSTEMSE5

TSTEMSE6

TSTEMSE7

TSTEMSE8

TSTEMSE9

TSTEMSE10

TSTEMSE11

TSTEMOE1

TSTEMOE2

TSTEMOE3

TSTEMOE4

TSTEMOE5

TSTEMOE6

TSTEMOE7

TSTEMOE8

TSTEMOE9

TSTEMCA1

TSTEMCA2

TSTEMCA3

TSTEMCA4

Comparison

Technology

Teacher1

4

4

4

4

4

4

4

4

4

4

4

3

3

3

2

3

3

3

3

3

4

4

4

4

Comparison

Technology

Teacher2

4

4

5

4

4

5

5

4

5

5

5

3

5

4

4

4

4

4

4

4

5

5

5

5

Comparison

Technology

Teacher3

5

5

5

4

4

5

5

5

5

5

4

2

4

2

4

2

3

2

4

4

5

5

5

5

Comparison

Technology

Teacher4

4

4

4

4

4

4

4

5

4

4

5

3

5

4

2

3

3

3

2

2

4

5

4

4

Comparison

Technology

Teacher5

4

4

4

4

4

4

4

4

4

4

4

4

3

4

3

3

3

3

3

3

5

5

5

5

Comparison

Science

Teacher6

4

5

4

5

4

5

3

5

5

5

4

4

4

4

4

3

4

4

4

4

4

3

3

3

Comparison

Science

Teacher7

4

4

4

4

4

4

4

4

4

4

4

3

4

4

2

2

2

3

3

2

4

4

4

4

Comparison

Science

Teacher8

4

4

4

4

4

4

4

4

4

4

3

4

3

4

4

2

2

4

3

2

4

5

4

4

Comparison

Science

Teacher9

4

4

4

4

4

4

4

5

4

5

4

4

4

4

4

3

4

4

4

3

4

4

4

4

Comparison

Science

Teacher10

5

4

4

4

4

4

4

4

4

5

4

4

4

4

4

3

3

4

3

2

3

3

4

3

Experimental

Technology

Teacher11

5

5

5

5

5

5

5

5

5

5

5

5

4

4

4

3

4

4

4

3

5

5

5

4

Experimental

Technology

Teacher12

5

5

4

5

3

5

4

4

5

5

4

4

4

5

4

3

4

4

5

2

5

4

4

4

Experimental

Technology

Teacher13

5

5

4

5

1

5

5

5

5

5

5

4

4

4

3

3

4

4

4

3

4

3

4

3

Experimental

Technology

Teacher14

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

Experimental

Technology

Teacher15

5

4

5

5

5

5

5

5

5

5

5

4

4

4

3

2

4

4

4

2

5

5

5

5

Experimental

Technology

Teacher16

4

4

4

4

4

4

4

4

4

4

3

3

4

3

3

3

3

4

4

3

4

4

4

4

Experimental

Science

Teacher17

4

4

3

4

3

3

3

3

3

4

4

3

4

3

3

3

4

3

3

3

3

3

3

3

Experimental

Science

Teacher18

4

4

4

4

4

4

4

4

4

5

3

3

3

3

3

2

3

3

3

3

4

3

3

3

Experimental

Science

Teacher19

4

4

4

4

4

4

4

4

4

4

4

4

4

3

3

3

3

3

3

3

4

4

4

4

Experimental

Science

Teacher20

4

4

4

4

4

4

5

4

4

4

3

4

3

4

3

3

4

4

4

3

3

3

3

3

Experimental

Science

Teacher21

4

4

5

4

4

5

4

4

4

5

3

4

4

4

4

3

4

3

3

2

2

2

2

2

Experimental

Science

Teacher22

5

4

4

4

4

4

5

4

3

4

2

3

2

2

2

2

2

2

3

2

4

2

2

2
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Teacher

STEM Career
Awareness

Subject

Teaching Outcome Expectancy

Group

Pretest T1 Likert Scores

Table 11 Data for Posttest Scores
Teaching Self-Efficacy

TSTEMSE1

TSTEMSE2

TSTEMSE3

TSTEMSE4

TSTEMSE5

TSTEMSE6

TSTEMSE7

TSTEMSE8

TSTEMSE9

TSTEMSE10

TSTEMSE11

TSTEMOE1

TSTEMOE2

TSTEMOE3

TSTEMOE4

TSTEMOE5

TSTEMOE6

TSTEMOE7

TSTEMOE8

TSTEMOE9

TSTEMCA1

TSTEMCA2

TSTEMCA3

TSTEMCA4

Comparison
Comparison
Comparison
Comparison

Technology
Technology
Technology
Technology

Teacher1
Teacher2
Teacher3
Teacher4

4
4
4
4

4
4
4
4

4
4
4
5

4
5
4
4

4
4
4
4

4
4
4
4

4
4
4
4

4
4
4
4

4
4
4
5

4
5
4
4

3
4
4
4

3
4
3
4

3
4
4
5

3
3
3
3

3
4
4
1

3
3
3
3

3
4
4
1

3
4
4
2

3
4
3
2

3
3
3
1

4
5
*
5

4
5
*
5

4
5
*
5

4
5
*
5

Comparison
Comparison
Comparison
Comparison
Comparison
Comparison

Technology
Science
Science
Science
Science
Science

Teacher5
Teacher6
Teacher7
Teacher8
Teacher9
Teacher10

5
4
4
4
4
4

5
4
4
4
4
4

5
4
4
4
4
4

5
4
4
4
4
4

4
4
4
4
4
5

4
4
4
4
4
4

5
3
4
4
4
4

5
4
4
4
5
4

4
4
4
4
4
4

5
4
4
4
5
4

4
4
4
4
3
4

3
4
3
4
4
4

4
4
4
2
4
4

3
4
3
3
4
4

4
4
2
3
4
4

3
3
2
2
3
4

3
4
2
3
4
4

3
4
4
3
4
4

3
4
2
2
5
4

2
4
2
3
3
3

5
4
3
4
4
3

5
3
4
4
4
3

5
3
4
3
4
3

5
3
4
4
4
2

Experimental
Experimental
Experimental
Experimental
Experimental
Experimental

Technology
Technology
Technology
Technology
Technology
Technology

Teacher11
Teacher12
Teacher13
Teacher14
Teacher15
Teacher16

5
5
5
4
5
4

5
4
5
4
5
4

5
4
4
4
5
4

5
5
5
4
5
4

5
4
4
4
4
4

5
5
4
4
2
4

5
4
5
4
5
4

5
4
4
4
5
4

5
4
4
4
5
4

5
5
5
4
5
4

5
4
3
4
4
3

4
4
4
4
3
3

3
4
3
4
4
3

4
4
4
4
3
3

5
4
4
4
4
3

2
3
2
4
4
3

4
4
4
4
4
3

5
4
3
4
4
3

4
4
3
4
3
3

1
3
3
4
2
3

5
4
4
4
5
4

5
3
4
4
5
4

5
3
4
4
5
4

5
3
4
4
5
4

Experimental
Experimental
Experimental
Experimental
Experimental
Experimental

Science
Science
Science
Science
Science
Science

Teacher17
Teacher18
Teacher19
Teacher20
Teacher21
Teacher22

5
4
5
5
5
5

5
4
5
5
5
4

5
5
5
5
4
4

5
4
5
5
5
4

5
5
5
4
4
4

5
4
5
4
4
4

4
5
5
5
5
5

5
4
5
4
4
4

5
4
5
4
4
4

5
5
5
4
5
5

4
4
4
4
4
4

3
3
4
4
4
3

5
3
4
4
5
4

3
3
4
4
4
4

3
4
4
4
5
3

3
3
4
3
3
3

4
3
4
4
4
2

3
3
4
4
4
3

3
3
4
4
4
4

3
2
4
3
4
3

4
5
4
5
4
4

5
4
4
5
4
4

5
4
4
5
4
4

5
4
4
5
4
4

* missing data, survey items not completed
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Teacher

STEM Career
Awareness

Subject

Teaching Outcome Expectancy

Group

Posttest T2 Likert Scores

Table 12 Data for Delayed Posttest Scores

TSTEMSE2

TSTEMSE3

TSTEMSE4

TSTEMSE5

TSTEMSE6

TSTEMSE7

TSTEMSE8

TSTEMSE9

TSTEMSE10

TSTEMSE11

TSTEMOE1

TSTEMOE2

TSTEMOE3

TSTEMOE4

TSTEMOE5

TSTEMOE6

TSTEMOE7

TSTEMOE8

TSTEMOE9

TSTEMCA1

TSTEMCA2

TSTEMCA3

TSTEMCA4

Comparison

Technology

Teacher1

4

4

4

4

2

4

4

4

4

4

4

3

3

3

3

3

3

3

3

3

4

4

4

4

Comparison

Technology

Teacher2

4

4

4

4

2

4

4

4

4

4

4

4

4

4

3

4

4

4

4

3

4

4

4

4

Comparison

Technology

Teacher3

4

4

4

4

2

4

4

4

4

4

4

4

4

3

4

3

3

4

3

3

5

5

5

5

Comparison

Technology

Teacher4

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

Comparison

Technology

Teacher5

4

5

4

4

2

4

4

4

4

4

4

4

4

4

3

3

4

4

4

3

5

5

5

5

Comparison

Science

Teacher6

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

4

3

3

3

Comparison

Science

Teacher7

4

4

4

4

2

4

4

4

4

4

4

2

4

2

2

2

2

4

2

2

4

3

3

4

Comparison

Science

Teacher8

4

4

4

4

1

4

4

4

4

4

4

3

3

4

4

2

3

3

3

2

5

5

4

4

Comparison

Science

Teacher9

4

4

4

4

2

4

4

4

4

4

4

4

4

4

2

2

4

4

4

2

4

4

4

4

Comparison

Science

Teacher10

5

4

4

5

1

5

5

4

4

5

4

4

4

4

3

3

4

4

4

3

4

3

3

3

Experimental

Technology

Teacher11

5

5

5

5

1

5

5

5

5

5

5

3

3

3

2

2

2

3

4

3

5

5

5

5

Experimental

Technology

Teacher12

5

5

5

5

1

5

5

5

5

5

5

4

4

4

3

2

4

4

4

2

5

4

4

4

Experimental

Technology

Teacher13

5

5

5

5

1

5

5

4

5

5

5

4

4

4

4

4

4

4

4

2

5

4

5

4

Experimental

Technology

Teacher14

4

4

4

4

2

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

Experimental

Technology

Teacher15

5

5

5

5

1

5

5

5

5

5

5

4

4

4

2

2

2

4

4

2

4

4

4

4

Experimental

Technology

Teacher16

4

5

5

5

1

5

5

5

5

5

5

3

4

3

2

3

3

3

3

3

4

4

4

4

Experimental

Science

Teacher17

5

5

5

5

1

5

5

5

5

5

5

4

4

4

4

3

4

4

3

4

4

4

3

3

Experimental

Science

Teacher18

4

4

4

4

1

4

4

4

4

5

3

3

3

3

3

2

3

3

3

2

4

4

4

4

Experimental

Science

Teacher19

4

4

4

4

2

4

5

4

4

5

4

4

4

4

4

2

4

4

3

3

4

4

4

4

Experimental

Science

Teacher20

5

5

4

5

1

4

5

4

4

5

4

1

4

4

4

3

4

4

4

1

5

5

5

5

Experimental

Science

Teacher21

4

3

4

4

2

4

4

4

3

4

4

4

4

4

4

3

4

4

4

3

3

3

3

3

Experimental

Science

Teacher22

5

4

4

4

2

4

4

4

4

5

3

3

4

3

3

4

3

4

4

3

4

4

4

4

* missing data, survey items not completed
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